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Abstract 
The distorted perovskite manganese have got a great interest because of their unusual 
magnetic and electronic properties. For example, some of these manganese e)thibit a magnetic freld 
driven insulator-metal (1-M) transitions so called colossal magnetoresistance (CMR). Recently, in 
Pr0.7Ca0.3Mn03, I-M transitions driven by an electric field, synchrotron orbit radiation x-ray and laser 
illuminatiQn were reported. Our motivation of the present study is to get a answer for the question; 
what is exactly going on in the spin and orbital system under the photon injection? With respect to 
the photo-induced effect we investigate the spin system and the charge system by electron-spin 
resonance (ESR) and x-ray diffraction, respectively. 
As the first step, magnetic and structural behavior of Pr0.65Ca0.35Mn03 (Space group : Pbnm at 
296 K) in powder form was studied. The onset ofthe charge-ordered (CO) state at Tco ~ 215 K was 
verified from the change of lattice constants and the appearance of superlattice reflections. The 
antiferromagnetic transition was t~ound our at i AF - 1 80 K based on the ESR Iinewidth AHp_p. The 
canted antiferromagnetic transition was observed at TCAF ~ 1 25 K from both the appearance of the 
spontaneous d,c. magnetization and an abrupt increase of the AHp_p. The resonance intensity in ESR 
profile becomes weakened with decreasing temperature, suggesting the existence of magnetic 
disorder below 90 K. It is responsible for behavior of d,c, magnetization below TcAF' They provide 
an evidence ofthe existence of the spin-glass state. 
To investigate a photo-induced effect, the ESR for Pr0.65Ca0.3sMn03 powder was measured 
under the photon inj ection by a He-Ne cw laser with photon energy, hD = I . 96 eV and a Nd-YAG 
cw laser with ho = 1. 17 eV. Both sigDificant change of the ESR curve and increase of the effective 
spin susceptibility was clearly found out under the photon inj ection with ho = I . 1 7 eV between 90 K 
- 0 K, in the canted antiferromagnetic state associated with the CO structure. The temperature 
dependence of ESR profile excludes the possibility of laser heating. On the contrary, the ESR curve 
is not affected much under the photon inj ection with ho = I .96 eV. Photon energy, hv - I .2 eV is 
characteristic in the optical spectra in distorted perovskite manganese. It has been assigned as a 
charge-transfer excitation energy of an electron from the lower Jahn-Teller split eg of Mh3･ to the eg 
of adj acent Mn4. ion, which exhibits the promotion of the dipole active photoionization of the small 
polaron. Our present result suggests that the photon inj ection with the characteristic photon energy, 
ho - I .2 eV enhances vibronic state and eventually releases the cooperative Jahn-Teller distortion 
associated with the CO state. 
The behavior of CO state in Pr0.65Ca0,35Mn03 powder under the photon injection with ho = 
1 . 17 eV was studied with the x-ray diffraction to understand the mechanism of present photo-
induced effect. Below Tco, the superlattice reflections appeared associated with the formation of the 
CO state and the CO sate was maintained down to at least 10 K. The photon injection led to the 
prominent decrease of the intensity of superlattice reflections. The present result provides a 
structural evidence of the collapse of CO state by the photon injection. It also suggests that a photo-
induced I-M transition occurs due to the propagation of delocalized carriers via the ferromagnetic 
double-exchange interaction in the collapsed CO state created by the photon inj ection. 
As the second step, Pr0,65Ca0,3sMn03 thin films were prepared to improve the sensitivity of the 
photo-induced effect against to the sample thickness due to small penetration depth of the laser light 
and to get advantages for industrial application. The thin films of Pr0.65Ca0.35Mn03 with 5000 A 
thickness were prepared by the sol-gel method on SrTi03 (100) substrates. In the ESR study, the thin 
films exiribit the ferromagnetic transition at T. - 1 20 K and some kind of weak photo-induced effect 
at low temperature. However, the ground state of the discussed thin films are not accompanied by 
the CO state, which plays an essential role on the photo-induced effect. These differences are due to 
the oxygen stoichiomety and the strain effect induced by the lattice mismatch. 
Thin film of distorted perovskite manganese with large size rare earth and alkaline earth ions, 
La0.67Ca0.33Mh03 is less affected by the oxygen stoichiometry and/or the strain effect. To enhance the 
photo-induced effect in Pr0.65Ca0.35Mn03 thin film against these process parameters, La0,67Ca0.33Mh03 
thin films were comparatively studied. Lao~7Ca0.33Mn03 undergoes the transition from the 
paramagnetic insulating state into the ferromagnetic metallic state at the Curie temperature, T. - 260 
K. The temperature dependence of the ESR resonance magnetic field in both Pr0.65Ca0.35Mh03 and 
La0.67Ca0.33Mil03 thin films obeys a critical behavior of a second-order phase transition, 
corresponding to the appearance ofthe spontaneous magnetic moment. 
Increase of the effective spin susceptibility and collapse of CO state was found in 
Pr0.65Ca0.35Mn03 powder under the photon injection with ho = I . 17 eV. This photo-induced effect 
has the lowest threshold in I-M transitions found in Prl-*Ca~n03. However, Pr0.65Ca0,35Mh03 thin 
films prepared by the sol-gel method does not show photo-induced effect and is not accompanied by 
the CO state. 
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Chapter I 
General Introduction 
I.1 Perovskite Manganese 
I. I . I Perovskite transition-metal oxides 
The inorganic material, perovskite transition-metal oxides are represented as ABX3 where A, 
B and X are alkaline earth element, transition-metal and oxygen. These oxides can achieve various 
series of physical properties, e.g., ferroelectricity (Titanates) [1], high-temperature 
superconductivity (Cuprates) [2, 3], and magnetism (Manganese) [4, 5, 6, 7] as shown in Table I -
1. Furthermore one can control these properties with great precision. It means that the series ofthese 
oxides has a great advantage for industrial devices in the next century than classical semiconductor 
material which has been used for civil industrial devices, represented by so-called large integrated 
circuit (LSI) until present day. 
Three physical parameter, charge, spin and orbital parameterize electron property of transition 
metal ion in this system. In these oxides, one can control these properties by the substitution of 
composing atoms with different ionic radius, ionic valence, and number of total effective spin 
keeping a charge eql~ilibrium per unit cell. [8, 9] For example, electronic transport and magnetic 
properties respect the control of hopping between local 3d-electron through the 02p-orbital and the 
electron-electron interaction between 3d-electron on the transition-metal ions. The key is an 
optimization in charge correlation, spin correlation and orbital correlation. 
Physical property Transition-metal Compound References 
Ferroelectricity Ti BaTi03. SrTi03 [1] 
Superconductivity Cu YBa2Cu307~, BE~La2_*Cu04_y [2, 3] 
Magnetism Mn (La, Sr)Mn 03 [4, 5, 6. 7] 
Table I - I Representative physical property ofperovskite transition metal oxide series. 
I. I . 2 Distorted perovskite manganese 
I. I .2. I Distorted perovskite manganese 
The distorted perovskite manganese, Rl-AMn03 (R = trivalent rare earth element and A = 
divalent alkaline earth element, o ~ x ~ I ) has recently attracted much attention by the virtue of their 
1 
unusual magnetic and electronic properties. For exarnple, some of these manganese exhibit a 
magnetic field driven insulator-metal (1-M) transitions where the conductivity and magnetization 
change dramatically, an effect termed colossal magnetoresistance (CMR) [4, 5, 6, 7]. These I-M 
transitions can be achieved not only by a magnetic field, but also by other external stimulation, e.g., 
electric current [10], synchrotron orbit radiation x-ray [ 1 I], and laser light [12], 
I. I .2.2 Crystal structure of the perovskite manganese 
In the whole range of compositions, the solid solutions, Rl-AMn03 was found to belong to 
orthorhombically (a ~ b ~ c, a = fi = r= 90') distorted perovskites (space group Pbnm). [8. 9, 13, 
14, 15. 16] 
Figure I - I shows the unit cell of the perovskites structure of manganese. A center manganese 
ion of the unit cell is surrounded by oxygen tetrahedral. Metal ions (R, A) are placed at each corner 
ofthe unit oube. 
There are two characteristic distortions in the system. One consists of a spontaneous 
cooperative puckering of the ~I06 Octahedral (S.C. buckling) which makes the coordination 
polyhedral of R or A ions deformed in such a way that the effective coordination number becomes 9 
instead of 12. This kind of distortion is a consequence ofthe ionic radii mismatch and is common in 
perovskites with small central cations (Goldschnridt's tolerance factor < 1). 
The other kind of lattice distortion is connected with the Jahn-Teller effect of Mn3+062-
octahedral and their cooperative ordering below a certain critical temperature. The latter cooperative 
distortion does not change the Pbum symmetry but modifies the crystal structure in such a way that 
c /1/~ < a < b (O' -type structure). 
I. I .2.3 Control of physical property in the perovskite manganese 
In the Rl-AM~l03, one can control the electronic property through the electronic bandwidth 
and the doping level. 
The population of Mn3' / Mh4' rons rs approxnnately a linear functron of x the chenucal 
composrtron of R'3 and A'~ ions. Therefore, the substitution of the (A, R) ion and/or the change of 
nominal composition can controls the doping level ofMh ions. [8, 9] 
The electronic bandwidth is as a function of transfer energy determined by distortion of the 
perovskite structure associated with modification of the distance between Mn ion sites via inter-site 
oxygen. Different ionic radii of the (A, R) ion lead into different distortion of the perovskite 
structure. Therefore, the control ofthe electronic bandwidth is possible with a selection ofthe (A, R) 
2 
ion. [8, 9] The smaller ionic radii of the (A, R) ions make the smaller transfer integral which can 
promote the localization of the charge carrier and form the charge-ordered (CO) state. On the other 
hand, the larger ionic radii of the (A, R) ion make the larger transfer integral which can promote the 
delocalization of the charge carrier through the double-exchange mechanism, 
I. I .3 Rl-AMirl03 with large size (A, R) site ions 
I. I . 3 . I Double-exchange mechanism 
The R1-AMn03 with the larger ionic radii of the (A, R) site ion, such as Lal-' Sr~n03 [13] 
and Lal-*Ca~Mh03 [8] is the prototypic double-exchange ferromagnet.[17, 18, 19, 20, 2 I] Mother 
compound, RMEI03 is a Mott insulator due to strong correlation of the 3d-eg electron of Mh3+. The 
hole doping compound, Rl-AMll03, transforms from the antiferromagnetic insulator state (AFI) 
into the ferromagnetic metal state (FM) with increasing doping carriers, x. This phase 
transformation has been described by a metallic transport phenomenon carried out by the double-
exchange interaction mechanism. 
The double-exchange interaction scheme was originally proposed by Zener in 1951 [22], 
further developed by Anderson and Hasegawa [23], and Goodenough [24], and eventually by A. J. 
Millis [25, 26, 27]. [28, 29] The M~l 3d levels are split by the oxygen octahedral crystal field into a 
10wer energy t2g Orbital (triplet) and a higher energy eg Orbital (doublet) as shown in Figure I - 2. The 
Mn3+ ion in the hole undoped compound RMil03 and Mri4' ion in the hole doped compound AMn03 
have the high spin 3d4 electron conflguration t2g3egl and the low spin 3d8 electron configuratfon t2g3, 
respectively. According to the Hund's rule, all spins are aligned on a given each site by a large intra-
atomic exchange JH. The t2g orbital hybridize with 02p Orbital much more weakly than the eg orbital, 
and can be regarded as forming the localized spin (S = 312). In contrast to that, the eg Orbital, which 
have lobes directed to the neighboring oxygen atoms, hybridizes strongly with the O~p orbital, 
producing rather broad bands. [ 1 6] The electronic conduction arises from the hopping ofan electron 
from Mn3' to Mri4. with the electron transfer energy t as shown in Figure I - 3 (b). This results in the 
ferromagnetic (F) double-exchange interaction between the localized spins, the core t2g orbital (S = 
3/2) mediated by the hopping eg orbital electron. 
Hamiltonian for the double-exchange mechanism in the hole-doped manganese oxide system 
will be represented as 
= tif(c ,.cj"+hc) J (~). ･ ･ - , -6i Si 
3 
Here tlf is the transfer integral between neighboring sites i and j. J is Hund coupling constant 
between the 3d-eg electron spin on Mn ions and the 3d-t2g electron spin. The dj* creates an electron 
of spin a in the 3d-eg orbital on site i. The first term represents the 3d-eg electron transfer between 
neighboring sites i andj'. The second term represents Hund coupling between the conduction 3d-e 
electron spin and the localized 3d-t2g electron spin. 
I. I .3.2 Colossal magnetoresistance effect 
The application of an external magnetic field aligns the localized 3d-t2g electron spin and 
reduces the spin scattering by the localized 3d-t2g electron spin in the conduction 3d-eg electron as 
shown in Figure I - 3 . The Curie temperature Tc is located at a higher temperature than the CO 
transition temperature Tco in the R1-~~l03. This effect is expected to be most pronounced around 
Tc, and hence to cause the CMR effect. 
I 1.4 R1-'AJV~a03 with small size (A, R) site ions 
I. 1.4. I Charge-ordered state 
On the contrary, a more complex feature appears in the phase diagram of Rl-*AJVln03 with the 
smaller ionic radii ofthe (A, R) site. [4, 5, 8, 14, 30, 3 1, 32, 33] Those systems remain insulating 
against doping carriers over the whole temperature range, which is more or less semiconductor. 
The CO state appears in Lal-'Ca~Mri03 (x=1/2) [8], Prl-'Sr~Mri03 (x=1/2) [30], Ndl-'Sr~n03 
(x=1/2) [3 I], and also in Prl-*Ca~n03 (x=1/2) at low temperature. [4, 5] The charge carriers are 
localized on the Mn ion site and form real-space alternation of I : I Mn3' / Mn4' species, so called 
"charge crystal" associated with doubling of the unit cell in unique crystallographic direction. The 
CO state is stabilized over a wide range of concentration in Rl-AMn03 with small size (A, R) site 
ions in contrast that the CO state appears only at specified composition (x = 0.5) in Rl-AMn03 with 
large size (A, R) site ions. Especially, in the Prl-'CaJ¥/ln03, the CO state is stabilized around O.3 < x 
< 0.7.[4, 5, 14] The CO state appears at higher temperature than the magnetic transition temperature 
at which antiferromagnetic (AF) spin order forms. 
I. I .4.2 Ground state of the Rl-'A~Mil03 
In general, the ground state of the Rl-~LJ¥4n03 is characterized by a competing interaction 
between two different ground states: a charge-delocalized (CD) state, which is metallic with 
ferromagnetic (F) spin arrangement and exhibits relatively small Jahn-Teller distortions and the CO 
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insulating state. [25, 16] 
In the CD state, the origin of the ferromagnetic (F) metal itself has been clarified in the 
double-exchange interaction scheme in which the doped holes at eg orbital in Mn4' site exhibit a kind 
of hopping conduction associated with the aligned spins for both Mn4. and Mn3' sites. [22, 25, 16] 
On the other hand, the CO state is characterized as an antiferromagnetic (AF) spin arrangement on 
Mn ions, and the Mn3' sublattice retains a cooperative Jahn-Teller distortion, thereby giving rise to a 
combination ofcharge, orbital, and magnetic ordering. [25, 16] 
Upon heating, both the CO and the CD states transform into a charge-localized paramagnetic 
insulator (PI) phase, characterized by semiconductive properties. 
The switching in d.c. resistivity between CO and CD states, i.e., I-M transition, can be 
achieved not only by a magnetic field, but also by external stimulation. [4, 5, 10, 1 1, 121 
I. I .4.3 Discommensuration effect 
The C･O state has been mostly observed when the concentration of charge carriers takes a 
rational value of the periodicity of the crystal lattice. [9, 4] The commensurability of the carrier 
concentration with a periodicity of the crystal lattice is related to the stability of the CO state, In Rl-
*A**Mn03, the CO state is optimized at x = 0.5 (commensurate), a deviation of x from 0.5 
(discommensuration) decreases the stability of the CO state. Around x = 0.3, the system is on the 
phase boundary of the transition from the CO insulator state to the FM state, so that the external 
stimulation causes the transition from the CO state to the FM state with relative ease. [4, 5] 
I. I .5 Prl-'Ca~n03 
I. I .5. I Phase diagram of Prl-*Ca~ln03 
The phase diagram as a function of temperature and composition of Prl-'Ca~Vin03 has been 
deterrnined by the measurements of resistivity, magnetization and neutron diffraction as in Figure I -
4. [5, 14, 9] 
The sample with x = 0.3 is studied in detail by Y. Tomioka et al.[4, 5] It is an insulator without 
an external magnetic field at whole temperature range. And it shows the paramagnetic behavior at 
room temperature (PI), then tums into the COI with the lattice distortion at Tco ~ 200 K, 
Successively into the pseudo CE-type AFI with the antiferromagnetic component where the 
ferromagnetic double-exchange interaction is quenched by a CO effect at N~el temperature TN - 130 
K, and finally into the canted antiferromagnetic state (CAFI) TCAF ~ 1 1 5 K. 
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I. I .5.2 Magnetic structure in Pr0,7Ca0.3Mn03 
Figure I - 5 shows the antiferromagnetic component of the Pr0.7Ca0.3Mn03 magnetic structure. 
This structure is known as the "pseudo-CE" structure, is closely related to the CE-type structure. 
[14] In the "pseudo-CE" structure, magnetic coupling in the a-c plane being identical in each case, 
with FM-coupled zig-zag AFM chains running along the a or c axes. 
I. 1,5.3 Spin glass state 
In Prl-'Ca~Mh03, the CMR is most pronounced below 80 K. From the neutron diffraction 
study, the spin glass state is suggested by Yoshizawa et al. [4] There is any other evidence rather 
than the diffraction which essentially needs long range order while the spin-glass state is short range 
order. 
I, I . 6 Insulator-metal transition induced by external field 
For the Prl-*Ca ~n03, the collapse of the CO state by magnetic field, which is the transition 
from the AF-CO state to ferromagnetic (F)-CD (F-CD), was found together wi'*h the structural 
evidence at the low temperature [ I J . 
In the Pr0.7Ca0.3Mn03 system, electric current (by implication of a static electric field) also 
triggers this AF-CO to F-CD transition at the low temperature [ 1 1 J . 
This AF-CO to F-CD transition as a phase-segregation can be driven by synchrotron orbit 
radiation x-ray exposure (energy 8 keV, flux 5 x 10ro photons/mm2.s~1) below 40 K [12, 16~]. This 
transition is accompanied by significant change in the lattice stucture and can be reversed by 
thermal cycle, but neither change nor revival ofthe superlattice reflection intensity is observed when 
the x-ray beam is switched off after the suppression of the superlattice with synchrotron orbit 
radiation x-ray exposure. The synchrotron orbit radiation x-ray-induced conductivity is annealed out 
on heating above 60 K. 
Miyano et al. [10] have stated the trace of the collapse of the CO state by observation of 
photocurrent under the coe~ister^ce of the applied electric field and pulse laser irradiation with I .2 
eV in the photon energy range 0.6 eV to 3 . 5 eV. Thus, there is no x-ray diffraction study of the 
collapse ofthe CO state under the laser irradiation to our knowledge. 
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I.2 Electron Spin Resonance 
I.2. I Paramagnetic resonance 
I.2. I . I The condition for magnetic resonance absorption 
We consider electron that possesses a magnetic moment u and an angular moment h S. Th~ 
two quantities are parallel, and we may write 
where the magnetogyric ratio Y is constant. By convention S denotes the angular momentum_ 
measured in unit of h . 
The interaction energy with the applied magnetic field is 
ifB*= Boz, then 
U = -uz B Yh BoS: (1 - 4) 
The allowed values ofS. are m = S S-1 . . . _ s , , , ~S, and U = -msYh Bo . 
In a magnetic field, an electron with S = i I t :~ ~ ~ < -:i _ ~;~~" If~vels corresponding to ms = ~:1/2 
as in Figure I - 6. If h o~ denotes the energy dii=t~erence between the two levels, then ~ cD. = Y h Bo or 
This is the fundamental condition for magnetic resonance absorption. For the electron spin, 
t)(GHz) = 2.80 ~o(kG) = 28.0 Bo (T). (1 - 6) 
I,2. I .2 Equation of motion 
The rate of change of angular momentum of a system is equal to the torque that acts on the 
system. The torque on a magnetic moment u in a magnetic field B is uxB, so that we have the 
gyroscopic equation [34, 35, 36] 
dS 
or 
dt 
7 
The electron spin magnetization M is the sum ui in a unit volume. If only a single isotope is 
important, we consider only a single value of Y, so that 
dM: 
I.2. I .3 Longitudinal relaxation time 
We place the electron spin in a static field B = . Boz . In thermal equilibrium at temperature T 
the magnetization will be along z: 
M. = O ,' My = O ,' M. = Mo = ;~lbBo = CBIT, (1 - 10) 
where the Curie constant C = N u2/3kB . 
When the magnetization component M~ is. not in thermal equilibrium, we suppose that it 
approaches equilibrium at a rate proportional to the departure from the equilibrium value M~: 
dt Tl 
In the standard notation, Tl is called the longitudinal relaxation time or spin-1attice relaxation time. 
If at t = O an unmagnetized specimen is placed in a magnetic field BoZ' the magnetization will 
increase from the initial value M. = O to a final value M. = Mo' Before and j ust after the specimen is 
placed in the field, the population N1 will be equal to N2, as appropriate to thermal equilibrium in 
zero magnetic field. It is necessary to reverse some spins to establish the new equilibrium 
distribution in the field Bo' On integrating Eq. (1 - 1 1): -
rM･ dM= I r'dt (1 - 12) Jo Mo ~M. ~T~1 Jo ' 
or 
10gMo ~oM. = Tl ' M.(t) =Mo[1 - exp ( -~Tl)] (1 - 13) 
T,he magnetic energy -M･B. decreases as M, approaches its new equilibrium value. 
I.2. I .4 Transverse relaxation time 
If in a static field BoZ the transverse magnetization component ~/~ is not zero, then ~/~ will 
decay to zero, and My as well. The decay occurs because in thermal equilibrium the transverse 
components are zero. 
8 
dt T2 
where, T2 is called the transverse relaxation time. 
The magnetic energy -M･B. does not change as M* or My changes, provided that B. is along z. 
No energy needs to flow out of the spin system during relaxation ofM., My, so that the conditions 
th'.rt determine T2 may be less strict than for Tl' Sometirnes the two times are nearly equal, and 
sometimes T1 >> T2 , depending on local conditions. 
The time T2 is a measure of the time during which the individual moments that contribute to 
M., My remain in phase with each other. Different local magnetic fields at the different spins will 
cause them to process at different frequencies. If initially the spins have a common phase, the phases 
will become random in the course of time and the values ofM*, My will become zero. We can think 
of T2 as a dephasing time. 
I.2. I . 5' Phenomenological Bloch equation 
Taking account of Eq. (1 - 1 1) and Eq. (1 -
motion Eq. (1 - 9) become 
dt r(MxB). - 2 ' 
dt r(MxB)y - 2 ' 
14), the x, y, and z component of the equatron of 
(1 - 15) 
dM Mo ~ M= dt' = ~r(M >< B). Tl ' 
respectively, where 
The set of equation is called as the Bloch equation. They are not symmetrical in x, y and z 
because we have the system with a static magnetic field along z. In experiments a rf magnetic field 
is usually applied along the x or y axes. Our main interest is in the behavior of the magnetization in 
the combined rf and static fields. The Bloch equations are plausible, but not exact; they do not 
describe all spin phenomena, particularly not those in solids, 
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I.2. I .6 A solution for the Bloch equation. 
In canying forward the solution, we shall find that M. has components in phase and out of 
phase with B*; complex numbers are useful to handle. Taking into account of B. as the real part of 
2Blei~, and take the magnetization M. to be real part of 
M~ = X ' 2~~e'"' (1 - 18) 
where x is the complex susceptibility 
Then 
~~~ =M* = X'2Bl cosa,t - ix"2Bl sina,t (1 - 20) 
With the rotating field Eq. (1 - 1 8) added to Bo, the phenomenological equations are 
dt r( M.Blsma,t+BoMy)- T2 ' 
dt r( ~oM. +M.BI cosa,t)- T2 ' (1 - 21) 
dM dt' = r(-MyB1 cosa,t + M.BI sma)t) + (M M )/TI ' 
Defining M~ = M. :!: iMy , we have from the first two equations Eq. (1 - 2 1 ) that 
db4t/dt = Y~~+ iM=Ble~i~' d: iBoM~ )- Mt/T2 (1 - 22) 
Time dependence in each of equations Eq. (1 - 22) can be removed by defining Mt= e~~'Nf 
i:ia)Nt= iY(:F M=BI d: BoN~)- NJ_ T2 (1 - 23) 
Now we impose the condition dM/dt = O and seek a solution compatible with it. Since 
i~* ^. +i~=] My cos a,t - M. sin a)t = (1121) (M.e~ -.･._e / 
the term dM/dt in Eq. (1 - 22) becomes 
(M. -M~)/T (YB /2D (N + N) (1 - 24) 
Rearranging Eq. (1 - 23) gives 
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a,o ~ a' + llT 
Since N+ and N_ are complex conjugates, we see imrnediately from Eq. (1 - 24) that M= is real. 
Therefore 
1 + T22Aa,2 
1+T22A(02 +r Bl TI~2 
where 
The solution M.= 1/2 ( M.+ M_) = 1/2(N. eiot+N:e~i~) is 
M. = I / 2xo ~oBoT2)T2Aa,2Bl cos a,t + 2Bl sin a)t (1 - 28) 
1 + T22Aa,2 + r2Bl2TIT2 
Comparing with Eq. (1 - 21) we identify inunediately the complex susceptibility: 
T2 (a,o ~ a,) 
X 1/2xoa,oT2 1+T22(a,o ~a,)2 +r2Bl2TIT2 
(1 - 29) 
X" = I / 2zoa,oT2 1 
1 + T22(a,o ~ (v)2 + r2B12TIT2 
The average rate A at which energy is absorbed per unit volume by the sample from theL B1 
field depends, of course, on the out-of-phase component. We have 
A=(a,/2fT)Jo'/~B･(dM/dt) 2a,~"B 
For ~1 small and sharp resonance (a)oT2 >> I ), we obtain 
A = a,(a,oT2)ZoBl (1 - 30) 
1 + T22 (a,o ~ a,)2 
which can be plotted as a function of either a, or a)o ' supposing the other to be constant. 
Absorption plotted as a function of slowly varying o)0= YBO defines a resonance curve with 
maximum at (oo =a, having a half-width at a half-maximum of A(ol/2 = 1/T2 = YAB1/2' Thus 1/YT_, = 
AB1/2 is the half-width expressed in units of the external field, which is slowly varied through 
resonance. 
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I.'_.2 Ferromagnetic resonance 
e The transverse susceptibility components x' and )C" are very large because the magnetization of a 
ferromagnet in a given static field is very much larger than the magnetization of electronic 
paramagnets in the same field. 
e The shape of the specimen plays an important role. Because the magnetization is large, the 
demagnetization field is large. 
o The strong exchange coupling between the ferromagnetic electrons tends to suppress the dipolar 
contribution to the line width, so that the ferromagnetic resonance lines can be quite sharp (<1 G) 
under favorable conditions. 
o Saturation effects occur at low rf power levels. It is not possible, as it is with the electron spin 
systems, to drive a ferromagnetic spin system so hard that the magnetization M. is reduced to zero 
or reversed. The ferromagnetic resonance excitation breaks down onto spin wave modes before the 
magnetization vector can be rotated appreciably from its initial direction. 
Consider a specimen of a cubic ferromagnetic insulator in the form of an ellipsoid with 
principal axes parallel to x, y, ~'-axes of a Cartesian coordinate system. The demagnetization factors 
N. Ny, N= are identical with the depolarization factors. The components ofthe intemal magnetic field 
Bi in the ellipsoid are related to applied field by 
B:~ = B.o _N~:.; ' B: = B~ -N.M.. B~ = Byo _ NyMy , 
The Lorentz fields (47t/3 )M and the exchange field ~M do not contribute to the torque because their 
vector product with M vanishes identically. In SI unit, we replace the components of M by uoM, 
with the appropriate redefinition of the N 's. 
The components of the spin equation of motion M = Y(M ' Bi) become, for an applied static 
field Boz, 
dM* ( i~ r f )~~ f y dt =r~My~.)=yLBo +~Ny -N. and 
(1 - 3 1) 
dM. y[M( NM) M.(Bo NM)] r[1~ +(N N)M~f 
dt 
To first order we may set dM/dt = O and M.=M Solutrons ofEq (1 3 1) wrth time 
dependence exp(-ia,t) exist if 
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ia' r ( ~f] -r[B0+(N.-N=)M] yLB0+¥Ny-N= =0 , 
i(o 
so that the ferromagnetic resonance frequency in the applied field Bo is 
a'~ [ ( ) I [ l =r2B0+ Ny-N. /loM B0+(N.-N=)/loM . 
(1 - 32) 
(1 - 33) 
The frequency (oo is called as the frequency of uniform mode, in distinction to the frequency of 
magnon and other nonuniform modes. In the uniform mode all the moments process together in 
phase with the same amplitude. 
For a sphere N. = Ny = N=, so that (oo = Y:Bo' For a flat plate with Bo Perpendicular to the plate 
N. = Ny = O ,' N.= 4 71:, whence the ferromagnetic resonance frequency is 
r(Bo ~ poM) . 
IfBo is parallel to the plane of the plate, the xz plane, then N. = Ny = O,' Ny = 4fz:, and 
(SI) a)o = r[BO(BO +/J M l/2 (1 - 35) o )] '
The experiments determine Y, which is related to the spectroscopic splitting factor g by - Y = 
guB/h. Values of g for metallic Fe. Co, Ni at room temperature are 2. 10, 2. 1 8, and 2.21, respectively. 
I.2.3 Antiferromagnetic resonance 
We consider a uniaxial antiferromagnet with spins on two sublattices, I and 2. We suppose 
that the magnetization Ml on sublattice I is directed along the +z direction by an anisotropy field 
BAZ; the anisotropy field results from an anisotropy energy density UK(el) = K sin2 el ' Here el is the 
angle between Ml and z-axis, whence BA= 2K/M, with M = I Ml I = I M2 1 . The magnetization M2 is 
directed along the -z direction by an anisotropy field - BAZ. If +z is an easy direction of 
magnetization, so is -z. If one sublattice is directed along +z , the other will be directed along -z. 
The exchange interaction between M1 and M2 is treated in the mean field approximation. The 
exchange fields are 
Bl(ex) = -~M2; B2(ex) = - ~Ml' (1 - 36) 
where ~ is positive. Here Bl is the field that acts on the spins of sublattice 1, and B2 acts on 
sLiblattice 2. In the absence of an external magnetic field the total field acting on Ml and M2 are 
Bl = -~M2+ BAz; B2 = -~MI . BAz, (1 - 37) 
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respectively as in Figure I - 7. 
In what follows we set Mf = M;M~ = -M The lineanzed equatrons ofmotion are 
dM' (-l =rMr(;uV+BA)-M ~ ; 
dt 
(1 - 38) 
dMy l =rM-;~V2 -Mf(~M+BA) ; 
dt 
dM' 2 =rM~(-~M+BA - -
dt 
(1 - 39) 
dMy 2 =r(-M -;uVl ~M~(-~M-BA); 
dt 
We define 
M; =M +1Ml .M M +1M (1-40) 
Then Eq. (1 - 38) and Eq. (1 - 39) become, for time dependence exp(-ia't). 
- ' = -ir M,(BA + ;LM)+ M~(j~M) ; 
(1 - 41) 
, j. ' = ir[M~(BA +;LM)+M (~M) - a,M2
These equations have a solution if, with BE = ~M, 
r(BA + BE )- a' rBE _ O . (1 -42) 
rBE r(BA + BE)+ w 
Thus the antiferromagnetic resonance ~requency is given by 
a'~ = r2BA.(BA + 2BE ) . (1 - 43) 
I.2.4 Measurement 
A block diagram of the ESR spectrometer (JEOL-REIX) is shown in Figure I - 8. Microwave 
is oscillating at X-band (9.4 GHz) with the Gun diode and is led into the cavity where sample is 
located. The sample is cooled down by a liq. He continuous-flow type cryostat. Static magnetic field 
is applied by an electric magnet to split electron spin degeneracy together with modulation magnetic 
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field (100 kH~:). Microwave is absorbed in the sample with many kind of process. Reflected back 
microwave was detected by the homodyne crystal detector and converted electrical signal as out put. 
I.2.5 ESR signal for Mn ions 
Recently, behavior of the unpaired 3d electron spin in Rl-AMn03 with larger ionic radii of 
the (A, R) site ion, such as Lal-'Ca~M~l03 were studied by ESR.[37, 38, 39] The most common Mh 
ion that is measured via ESR is Mh2+, which is generally accepted as not being present in these 
compounds. Of the two accepted ion species in Rl-AMn03, Mh3' (3d4 with S = 2) is unlikely to 
have an observable ESR signal as it exhibits a large zero-field splitting. To our knowledge, there is 
only one report about Mn3' ever being seen by ESR.[40] Mn4. (3d; with S = 3/2) has been reported 
to give an ESR signal but only for a few compounds, and generally at low temperature. [4 1 J 
As the observed ESR data are inconsistent with either Mri3' or Mri4'. We can only conclude 
that the EPR signals are a consequence of some complex magnetic entity made of a collection of 
Mn3+ and Mh4+ ions. Further theoretical and experimental effort will be needed to identify the correct 
description for the ground state spin system. 
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I.3 Powder X-ray Diffraction 
I.3 . I Powder x-ray diffraction 
When an x-ray beam is irradiated to an atom, two processes may occur: 
(a) The beam may be absorbed with an ejection of electrons from the atom. 
(b) The beam may be scattered. 
The primary beam is an electromagnetic wave with electric vector varying sinusoidal with time and 
directed perpendicular to the direction of propagation of the beam. This electric field exerts forces 
on the electrons of the atoms producing accelerations of the electrons. Using second process, x-ray 
diffraction analysis, it is possible to get a reciprocal understanding from which the crystal structure 
details are presented. 
Let us deliberate upon the scattering from a group of electrons confimed to a small volume 
such as the volume of an atom. Figure I - I O illustrates the conditions. The primary x-ray beam, of 
wavelength ~, has a direction represented by a wave number vector ko' The electrons are clustered 
about point O, the position of each represented by a vector rj at the position ofjth electron in an 
atom. We consider scattering at a point of observation P, at a large distance R from the electrons, in 
a direction given by wave nuniber vector k l. 
At distance R, the observed intensity I* by scattering from a single free electron with an 
unpolarized primary beam lo directed along the x-ray incidence is expressed by the Thomson 
scattering equation: 
I Io ~2 (m~ec2 2 (1 - 44) *= 
 
1 + cos2 e 
where c is the velocity of light, e and m are the charge and mass of the electron. The factor ( I + cos2 
e)/2 is called the polarization factor for an unpolarized primary beam. 
From Eq. (1 - 44), the intensity is weak in inverse proportion as m2. We consider only the 
electron for the scattering by an atom because the ratio of the nucleus mass to m is of the order of 
104. 
From Figure I - 10 considering that the source and the point of observation are both at 
distances very large compared to the length I rj l, a phase difference c between two wave number 
vectors, ko and kl, is shown by making the usual plane wave approximations: 
2;T 
sl ~sol'rj = ~kl ~ko)'rj = K･r K k k 
where so, sl are the unit vectors of ko and kl' 
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The scattering vector K expressed by 
I 1 4!T sin e ll K = 2lkol sinO = (1 - 46) ~ 
In scattering from a crystal, it is the elastic scattering, which gives to the Bragg reflection. The 
inelastic scattering from the different electrons is completely incoherent because of the change in 
w<avelength, and accordingly it produces only a diffuse background. To calculate the elastic 
scattering from an atom, each electron is spread out into a diffuse cloud of negative charge, 
characterized by a charge density p(r) expressed in electron units. The quantity p(r) dr is the ratio of 
the charge in volume dr to the charge of one electron, so that for each electron J p(r) dr=1. The 
wave mechanical treatment then says that the amplitude of elastic scattering from the element p(r) 
dr is equal to p(r) dr times the amplitude of scattering from a single electron. To get the total 
amplitude of elastic scattering from one electron~ we must integrate over the volume occupied by the 
electron, and in doing this make proper allowance for the phase of the contribution from each 
element p(r) dr. 
The amplitude of quantity represented by the integral is called f, the atomic scattering factor 
per electron: 
f = J eK" p(r)dr (1 - 47) 
Stated in another way, f is the amplitude of elastic scattering per electron, expressed in electron 
units . 
By scattering from an atom the observable quantity is only intensity lo(K) as in Figure~ I - 1 1 . 
Using Eq. (1 - 44), the intensity is given by 
I (K)=1,f2 = I_R0_2 (mic J2 2 1 + cos2 26 f (1 - 48) 2 2 
We consider an unpolarized monochromatic beam falling on a small single crystal. Figure I -
1 O shows the conditions. 
The scheme of repetition is defined by three vectors (a, b, c) called the crystal axes. It is only 
the magnitude and a direction of the repeating displacements that is of importance, and hence for 
present purposes, the position chosen as origin is immaterial. The parallelepiped defined by the three 
axes (a, b, c) is the smallest volume which repeated will make up the crystal This smallest volume is 
called the urLit cell. 
Relative to a crystal origin at O, the position of the atom of typej in unit cell n( nl' n2, and n3) 
is given by the vector 
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R~j = nla + n2b + n3c+ rj ･ (1 - 49) 
The sunrmation over j involves the positions rj of the different atoms in the unit cell, and 
hence it varies from one structure to another. It is called the structure factor and designated by F (K), 
where 
F K -~fe'K' ( )- . j '"･ (1-50) 
For purpose of crystal structure determinations, the structure factor F (K) plays a very 
important role, since it is only on the structure factor that the atomic positions appear. 
The resultant field at P due to all the atoms in the crystal is then obtained by summing overj to 
include all the atoms in a unit cell, and summing over n to include the entire unit cells. For 
simplicity we shall assume that the crystal has the shape of a parallelepiped with edges N1 a. N2b. N3c 
parallel to the crystal axes (a, b, c). This restriction will be removed when we consider the integral 
intensity. The composite amplitude is expressed by 
A(K) = ~~~. fje'K'R~ 
", J 
I~, iK'(~i'+~b~~3') = .F(K) e 
"* ."2 *"3 
Hence value of the intensity at the point of observation is expressed by 
(1 - 51) 
I, (K) = jA(Kl' 
' Sin2 (NIK ' a) sin2 (N2K ' b) Sin2 (N3K ' c) =1.F(K)F(K) sin2(K'a) sin2(K'b) sin2(K'c) ' (1-52) 
where 
I, (K) = I. IF(K1' L(K) (1 - 53) 
L(K) = sin2 (NIK ' a) sin2(N2K ' b) sin2(N3K ' c) (1 - 54) 
sin2(K 'a) sin2(K 'b) sin2(K 'c) ' 
Eq. (1 - 52) depends sharply upon the Laue function L(K). The intensity lo(K) will be essentially 
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zero unless the three terms of Eq. (1 - 54) are simultaneously close to their maximum values, 
Nl2N22N32 = N2. For lo(K) to be a maximum, it must simultaneously satisfy the three conditions 
K･a = 2lth 
K ･ b = 2izk (1 - 55)  ･ c = 2rd 
where h, k, I are three integers, these are called Mirrer indices. 
Since a diffracted beam exists only if Eq. (1 - 56) are simultaneously satisfied, these three 
equations together must be equivalent to the Bragg law. Because the spacing of the hkl- planes dhd is 
the perpendicular distance between the planes, Bragg law is expressed by 
2dhklsin6=jL ･ (1-56) 
Let a arbitrary scattering vector K are represented in terms of the reciprocal vectors: 
K = Kh ha +kb +1c (1- 57) 
A11 the electrons in the atom are combined by means of the atomic scattering factor in Eq. (1 -
47). From Eq. (1 - 50), all the atoms in the unit cell are combined by means of a structure factor: 
F(K) = v J: p(~yz~2id(ha.ly. ,)drdydz (1 - 58) 
where v is the volume of a unit cell 
For purposes of an hkl-reflection, F(~)hk/ is the effective nuniber of electrons concentrated at the cell 
origin. 
At the method for representing a crystalline structure, a continuous electron density function 
p(~yz) may be expressed in electrons per unit volume and including all the electrons in the cell. 
Since p(~y-') is triply periodic, it can be expressed by a triple inverse Fourier transfonn in the 
distances x, y and z parallel to the a-, b-, and c-axes: 
p(x,y,z) = I ~F(K) e 2~(ha.lv'le) (1 - 60) 
vhk! 
The trouble comes from the fact that what we measure is some sort of an integrated intensity, 
and this is proportional to Fhkrhk/ even if all the FiJt/ are real, what we measure is still a quantity 
proportional to Fhkl2 since Eq. (1 - 53), and we obtain the magnitude of all the coefficients of Eq. (1 -
60) but not their signs. Hence Eq. (1 - 60) represents the electron density p(x,y,-') by a Fourier 
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transformation in which the magnitudes of all the coefficients can be detennined from experiment, 
but for which the phrases are unknowrl. The trouble is called the phase problem. 
I.3.2 Refinement of crystal structure by Rietveld method 
Since the advent of the Rietveld method (Rietveld, 1969), this kind of analysis has been used 
for the crystal structure refinement and the analysis of x-ray powder diffraction data. A FORTRAN 
program named RIETAN [42] was developed in Japan for Rietveld analysis of angular-dispersive x-
ray powder data. 
In RIETAN, the profile parameters are refined based on a given structural model [43]･ One 
usually proceeds in steps in Rietveld analysis. first refining only one or two parameters and then 
gradually letting more and more of the parameters be simultaneously optimized in the successive 
least-squares refinement cycle. The least-squares method finds the optimum solution x for 
minimizing function s (x) that is given by 
(x )} s x ~i a,i{y, -f, 2, 
where x is the vector of variable parameters, i is the step number, yj is the observed intensity, fi is 
the calculated intensity, and o)j (= 1lyj) is the weight based on counting statistics. 
We use techniques for nonlinear least-squares fitting by the modified Marquardt method [44]. 
which is improved Gauss-NewiOn method. 
In Gauss-Newion algorithm, changes in n variable parameters at each iterative step, matrix, 
are calculated by: 
where A is the coefficient matrix with nxn, and both Ax and N are nx I column matrices. 
The modified Marquardt method also calculates A and N, but adds a term of diagonal matrix 
to A stabilized the convergence to the minimum: 
A + ~ drag(A)Ax = N (1 - 63) 
where ~ is Marquardty parameter, and diag(A) is diagonal matrix by the diagonal elements 
comprised in A. 
Let ~ = O, we obtain the Gauss-Newion solution as Eq. (1 - 63). On the other hand, as ~ 
becomes larger ~ << I A I : 
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Ax ~ N 
~~' (1 - 64) 
Accordingly, Ax tends towards the steepest drop direction. The value of ~ can take automatically 
adjusted during a sequence of iterations using a most efficient algorithm, which implements the high 
perfonnance process by the Marquardt method. The modified Marquardt method is very effective 
for arranging nonlinear model functions fi(x) or problems in which initial values for parameters 
differ remarkably from the true ones. 
Rietveld was given the profile shape function by 
) 
- ip 2ei - 2e K 
where 20i is the diffraction angle, 20K is the reflection K with Bragg angle, F(2ei - 20K) is a 
symmetrical profile shape function, and a(2ei - 2e~ is an asymmetrical correction. As symmetrical 
profile shape function in program RD3TAN, a modified pseudo-Voigt function is used in which the 
Gauss-Lorentz functions may have equal peak heights and full-width-at-half-maximum intensity. It 
is simple profile shape function, which frts well the Bragg reflection profiles in x-ray (or neutron) 
scattering diffraction, empirically. 
Consequently, even if initial parameterS are far from the true solution, incremental refmements 
enable very stable convergence to an optimum solution in most metals and inorganic compounds of 
good crystallinity. 
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Chapter II 
Magnetic and Structural Behavior in Pr0.65Ca0.35Mn03 Powder 
ll. I Introduction 
In this chapter, the powder form of Prl-'Ca~n03 (x = 0.35) is studied. [1] As has been noted, 
the reason of the choice of the material is coming from a few earlier bibliographies reported a sign 
of the possibility of a photo-induced effect on the magnetic and electronic state in this composition. 
The energy of the irradiated photon was ranged from near infrared to SOR Iight, which has made 
confused understanding. Some ofthem stated that a photo-induced I-M transition may occur as well 
as the CMR. Our motivation and task of the present thesis are to get an answer for the question; 
what is exactly going on in the spin and orbital system under the photon injection? As we describe 
later, with respect to the photo-induced effect we investigate the spin system and the charge system 
by the ESR and x-ray diffraction, respectively. They are strikingly a couple of complimentary ways 
to the task. Below we describe the ordinary magnetic and structural properties without the photon 
inj ection studied by our group on the present powder sample. 
In the present compound, the structural phase transition associated with the formation of the 
CO state occurs and the Mn3+ and Mn4. altemation retains down to around lig. He temperature. 
Successive magnetic transitions form the AF spin structure with spin canting at low temperature. 
Powder x-ray diffraction shows the onset of the CO state at Tco ~ 215 K from the appearance of 
superlattice peak due to the CO structure and gives a sign of the growih of the spin canting in the AF 
order at TCAF ~ 125 K. The ESR revealed the characteristic behavior of 3d-~g and 3d-eg eletronic 
spin state on Mn3' and Mri4' ionic sites. The result from the ESR provide an evidence of the 
formation of AF order at 1 80 K. The obtained resonance profile exhibits the broadening of linewidth 
associated with the enhancement of the intensity below the onset temperature of the CAF phase. A 
complemental information with the ESR is also given by static magnetization from d.c SQUID 
magnetometer measurement. The magnetoresistance verifies a magnetic field induced I-M transition, 
so called CMR, in the CAF phase (5.5 T at 80 K). Below, we show the above results in detail. 
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n. 2 Experiment 
II.2, I Sample preparation ofPr0.65Ca0.35Mn03 powder 
The powder sample ofPr0,65Ca0.35Mn03 was prepared by using the usual ceramic technique. [1, 
2, 3] The mixture of manganese, calcium carbonates and praseodymium oxide was ground and pre-
calcined at 600 'C for 6 h. Then the powder was pressed into pellet and calcined again at 1200 'C 
for 1'_ h in the air by the electric fumace (TSS. 530. P; Yamada Denki Co. LTD., Japan) and cooled 
down to room temperature with I OO 'C / h. The pellet was ground into powder again. The powder 
sample was used for the ESR, d. c, magnetization, and the powder x-ray diffraction measurements. 
For d. c. resistivity measurement, the pellet was used. 
II.'_.2 Powder x-ray diffraction 
Prior the ESR study, we performed the powder x-ray diffraction to verify the existence of 
single Pr0.65Ca0,35Mn03 phase and to get the atomic parameter as a function of temperature from 3 OO 
K down to 10 K. 
This sample was attached to quartz sample holder which was mounted on a liq. He closed-
cycle type cryostat. The sample temperature was monitored by a thermometer located close to the 
sample and was controlled within ~ 0.1 K. Data were collected using laboratory powder x-ray 
dif'fractometer (MXP 1 8; Mac Science Co., Japan) with Cu Ka radiation equipped with a rotating 
anode generator operated at 40 kV and 200 rDA. Figure 11 - I shows schematic view of optical 
component ofthe laboratory powder x-ray diffractometer. The e - 2 e step scan mode was used with 
the step width Aa= 0.01' - 0.02', accumulation time 10 - 100 s/step, and scan range 15' - 100' in 
2a. 
The calculation of the observed structure factor together with both profile fitting process and 
the rei~mement of crystal structure based on the powder diffraction data was performed by Rietveld 
method with a program RIETAN, [4] 
II.2.3 Electron spin resonance measurement 
The ESR measurement for the electron spms on Mri3' and Mh4. romc srtes m Pr065Ca0.35Mn03 
was done using X-band (9.4 GHz) spectrometer (JES-REIX; JEOL Co., Japan) with 100 kHZ field 
modulation. The amount of the powder sample was O.5 mg. The sample was mounted in a liq. He 
continuous-flow type cryostat and was cooled from 300 K down to I O K. The sample temperature 
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was monitored by a thermometer located near the sample and was controlled within iO.5 K. The 
reproducibility ofthe measured ESR signals was checked several times. 
The resonance absorption of the ESR measurement were observed as a deviative signal curves. 
Then they were fitted to a Lorentzian curve as shown in 
2' 
1+ o~H) [ AHl/2/2 
~i~l/2 = 1/~:AH ' 
p-p , 
(II - 2) 
where AH~p. Hb and I* are the linewidth, the central resonace field and ESR intensity at Ho' Then 
resultant curves were made. 
The E~R Iinewidths AH~p, from which one can estimate the spin-spin interaction through the 
spin-spin relaxation time, were taken from the half-amplitude linewidth of integration of these 
c urves. 
The effective spin susceptibility X,ff:. was obtained from 2 times successive integration of the 
obtained profile with references to CuS04･5H20 whose effective spin susceptibility is well known 
and Mn marker which is Mn2+ ions diluted with MgO. 
II.2.4 D,c. magnetization and transport property measurement 
II.2.4. I D,c. magnetization measurement 
Static magnetic susceptibility was measured by the variable temperature susceptometer, 
utilizing superconducting devices, which operates between 2 . O K and 400 K with the magnetic field 
up to 5 . 5 T. In this system, rf-SQUlD (Superconducting QUantum Interference Device) operated by 
ac-bias current is used. The rf-SQUlD-based flux measurement system consists of flux-transfer 
circuit and rf-SQUlD coupled with so-called tank circuit. Schematic measurement diagram is shown 
in Figure 11 - 2. The flux-transfer circuit links the pickup coil (Ll) to the coil (L2) through twisted 
and covered superconducting wire leads. Heater circuit is attached to the leads. It is necessary to 
destroy the superconducting closed loop when we change the magnetic field. Total external flux (f~ 
for rf-SQUlD is the sum of fnc (flux at L2) due to the sample and frf (flux at L,f) originating from rf-
current in tank circuit. In hysteric mode operation, variation of the voltage (V~ with the periodicity 
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of flux-quanta ( 2 x 10-7 Gauss.cm2) occurs for the averaged value of f*. This variation of V,f is 
interpreted to the variation of the Q-value of the tank circuit because R is the effective resistance, 
which gives the Q of the circuit. The sample-induced flux change was determined by moving the 
sample between a pair of counterwound coils, each of which is connected to a rf-SQUlD-based 
systern described above. Observed error of the absolute value of the susceptibility in standard 
sample was about 30/0. The resolution of this system in magnetic moment was 10-7 Gauss. Thus it is 
possible that the resolution of the susceptibility under I T is up to 10-ll emu. 
The samples were placed in a plastic straw stuffed cotton and fixed by Kapton film. The 
magnetic moments of cotton thread, the tiny cup and Aronalpha were measured separately. The 
contribution of these materials to the magnetic susceptibility was subtracted ~rom the measured 
value to obtain the intrinsic magnetic moment of the sample. Typical amount of the sample was 
about O.5 mg. 
The d.c. magnetization under the magnetic field O.OI T by SQUlD susceptometer in the 
warming run after field cooling run (FC(W)), the cooling run after field cooling run (FC(C)) and the 
zero field cooling run (ZFC) were measured, In the zero field cooling run (ZFC), measurements 
were performed after sample was cooled down to a prescribed temperature under zero field, then a 
field was raised to 0.01 T. 
II.2.4.2 Transport property measurement 
Temperature dependence of d.c. resistivity was measured with the usual 4-point method under 
zero field and magnetic field (H = 6 T) from 300 K down to 10 K using superconducting magnet 
(MagLab 2000; OXFORD Instrument Co., England). Magnetic field dependence of d.c. resistivity 
was also measured from O T up to 6 T at 80 K where the strong suppression of CO state occurs with 
the external field, 
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n.3 Results and discussion 
11.3. I Structure and atomic parameter 
Figure 11 - 3 shows the powder x-ray diffraction profile for Pr0.65Ca0.35Mn03 at 290 K together 
with the result of the profile frt by Rietveld analysis with solid curve. The powder x-ray diffraction 
analysis indicated that the sample was in single phase with the distorted perovskite structure and 
symmetry is orthorhombic with the space group Pbum. The lattice constants are a = 5.428 A, b = 
5.455 A and c = 7.663 A at 290 K. The grain size is about 20 um. 
Space group 
Symmetry 
Lattice constants 
Pbnm 
Orthorhombic 
a = 5.428 A b = 5.455 A c = 7.663 A 
Mn (4b) 
Pr/Ca (4c) 
O* (4c) 
O** (8d) 
x 
112 
-0.008 
0.059 
-0.287 
y 
O 
0.0309 
O.487 
0.286 
z 
O 
1/4 
1 14 
0.035 
Table H - I Atomic parameter for Pr0.65Ca035Mn03 at 290 K determined with the powder x-ray 
diffraction profile. 
Figure 11 - 4 exhibits the lattice constants as a function of temperature from 3 OO K down to I O 
K i'rom the powder x-ray diffraction measurement. The lattice parameters decrease with decreasing 
temperature and they exhibit a discontinuity around 2 1 5 K which is assigned as the trace of the onset 
of CO transition. Below 2 1 5 K, the lattice constants show the change in the temperature dependence 
of the length of unit cell around 1 15 K corresponding to the onset of CAFI state. 
II.3.2 Superlattice structure in the CO state 
Figure 11 - 5 shows the powder x-ray diffraction profiles at 296 K, 190 K, 100 K and 50 K. It 
is clear that some additional diffraction peaks appear below 190 K which is close to Tco ~ 2 15 K. 
The integrated intensities of the peaks assigned as Bragg reflections based on the unit cell 
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parameters at 296 K are almost the same above and below Tco' According to the indices as shown in 
Figure 11 - 5, the newly appearing peaks are assigned successfully as superlattice reflections with the 
unit cell parameters at 296 K. In Figure 11 - 5, a superlattice structure, a x 2b x c relative to the unit 
cell at 296 K has been confirmed below 200 K, which conducts a further complemental evidence for 
the CO state associated with the alternation ofMn3' and Mri4' ions. [3, 5] The observed superlattice 
reflection lines remain down to 50 K via TAF, and TcA, which confirms that the CO state is retained 
without extemal stimulation such as electric, magnetic field and etc. 
II.3.3 Electrical transport property 
Figure 11 - 6 shows the temperature dependence of the differential resistance (dR/dT) of 
Pr0.65Ca0_35Mh03 powder sample. It is semiconductor-1ike without external magnetic field at whole 
temperature range. The dRJdT shows a prominent peak which is evident due to the second-order 
phase transition associated with formation of the CO state where the charge is localized on Mn ionic 
site at Tco ~ 2 1 5 K together with the Mn3･ and Mh4. alternation leading to the superlattice x-ray 
ref lection. 
Figure 11 - 7 shows the magnetic field dependence of the resistance, R of Pr0.65Ca0.35Mn03 
powder sample at 80 K. The powder sample shows a CMR effect (RM-RO)/RO ~ 400 ~~ wrth a 
threshold magnetic field ofabout 2 T at the CO state below Tco ~ 2 15 K. 
II.3.4 Successive magnetic transitions studied by ESR 
II.3.4. I ESR profile 
Figure 11 - 8 shows the temperature dependence of the ESR profiles for Pr0.65Cao.35Mn03 
powder sample from 300 K to 120 K. The ESR profiles clearly show the Lorentzian shape above 
1 OO K, which has made to parameterize the resonance profiles in frame of the Lorentzian function 
with relative ease. 
Figure 11 - 9 shows the temperature dependence of the ESR Iinewidth AH~p (+) and the 
effective spin susceptibility, X,ff. (o). The ESR Iinewidth, Al~~p decreases linearly with decreasing 
temperature leading to the paramagnetic (P) character. Below Tco ~ 215 K, the AHp_p increases down 
to TAF - 180 K with the association ofthe fonnation ofAF order, and subsequently decreases below 
T,¥F, which shows that the exchange interaction is enhanced and forms the AF state, and finally 
increases abruptly below TCAF ~ 125 K showing that the AF exchange interaction is reduced and spin 
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confrguration is away from the precise antiparallel configuration. We can assign TAF as - 1 80 K 
from the existence of the peak in the temperature dependence of ESR Iinewidth AH~p. The TAF has 
been a difficulty to determine in the magnetization measurement so far. 
The effective spin susceptibility X,ff increases up to Tco with decreasing temperature which is 
a sign of the paramagnetic state behavior. Then it decreases down to TCAP ~ 125 K which can be 
interpreted that the AF ordering starts to form before the AF transition. Finally it shows a 
spontaneous magnetization below TCAF ~ 80 K because of the appearance of the F components in the 
CAF state. There is a cusp structure near TAF Which corresponds to the AF transition. 
II.3.4.2 Origin ofESR signal 
It is necessary to clarify the origin of the ESR signal in the perovskite manganese for 
understanding the behavior of the observed ESR profiles in Pr0.65Cao.35Mn03, the ESR Iinewidth AH~ 
p and the effective spin susceptibility X.ff.-
Recently, Oseroff et al. [6, 7] reported the observation of an electron paramagnetic resonace 
(EPR) signal in Lal-*Ca~Vln03+y compounds with different Ca and oxygen content. They also 
observed strong EPR signals with an unconventional temperature dependence and suggested that a 
cooperative spin entity could be responsible for this signal. They proposed that the EPR signal 
observed in Lal-'Ca~¥/in03.y is due primarily to Mh4' ( 3d8 with S = 3/2) ions. Consequentiy the spin-
lattice relaxation is weak, and this makes EPR of Mh4' easy to be observed even at high 
temperatures [8]. The Mh3. (3ds with S = 2 ) is unlikely to have an observable EPR signeLls as it 
exhibits a large zero-field splitting and strong spin-lattice relaxation (the ground state of the Mn3+ 
ion is the orbital doublet) [9]-
However, it is clear that the observed signal cannot be attributed to isolated Mh4+ ions. To 
construct a model of pararnagnetic centers responsible for these EPR signals, it is important to point 
out that doped manganese perovskites are mixed valence compounds with Mh4+ and Mh3' ions and 
strong ferromagnetic double exchange interaction between them. Thus, Shengelaya et al. [7] 
consider the EPR response of the system to cont~iin three distinct components: Mn4+ ions, s; Mn3+ 
ions, c;; and the lattice, L. Figure 11 - 10 shows a standard schematic picture for such a system, with 
arrows indicating possible relaxation paths between components. The theory used to describe such a 
system was developed in connection with the EPR of localized magnetic moments in metals by 
Barnes.[10] Later. Gulley and Jaccarino [1 I] applied this formalism to study the EPR of strongly 
exchange-coupled insulators with two types of paramagnetic ions. In order to describe the spin 
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relaxation process in Lal-'Ca~Mn03.y. Shengelaya et al, consider the schematic block diagram shown 
in Figure 11 - 10. Assuming that the relaxation rate R*L of the Mn3' spins to the lattice is much 
srnaller than the exchanged-induced cross relaxation rate R*, (and back R.*) between Mn3' and Mn4. 
and ifthe direct relaxation ofMn4' ions to the lattice R.L is negligible (R.L, R.L << R*,, R,.), then a so-
called "bottleneck" effect will take place in the transfer of energy between the spin subsystems [10]. 
In this limit, magnetic energy, which is transferred from the Mn4' to the Mn3' spin system, is quite 
likely to be returned back rather than passed to the lattice. Consequently, the relaxation of the 
system is dominated by the bottleneck due to the slow Mn3' -lattice relaxation process. Recently, the 
concept of a bottleneck was successfully applied by Kochelaev et al. [12] to explain the EPR of Mn 
ions in the cuprate superconductor La2_.Sr.Cu04 in which antiferromagnetic coupling is present. 
This concept is also helpful in explaining the peculiar EPR features in Lal-'CaJV!:n03.y and is our 
starting point for the interpretation of the experimental results. 
II.3 ,4.3 D.c. magnetization 
Figure 11 - 1 1 shows the temperature dependence of d.c. magnetization under 0.01 T. It is 
gratifying to confirm a complete correspondence between the magnetic behavior observed in the 
magnetization measurement and the magnetic behavior observed in the ESR measurement. 
II.3.4.4 Spin ordering in CO State 
The charge and spin ordering in CO state for 0.3 < x < O.75 is basically represented by their 
AF CE-type [3] structure of x = 0.5, where Mh3+ and Mh4' ions are arranged alternatively within the 
(OO1) plane and magnetic lattice is expanded to 4a x 4b x 2c in the pseudocubic setting, This fact 
indicates that they need the same additional mechanism which stabilizes the CE-type spin structure 
even at x = 0.3 despite a considerable spin disorder in the AF insulator. When x reduces from 0.5 to 
0.3, the spin arrangement within the ab plane preserves CE-type feature but that along the c 
direction changes from antiparallel to parallel. Such an x-dependent AF structure has been discussed 
in terms of the double exchange interaction along the c-axis direction mediated by the extra 
electrons[5], the concentration of which is (1/2-x)~I site and measures the degree of the 
discommensuration. The deviation of x from 0.5 plays an important role for a melting of the CO 
state at the low temperature side. The CO state suppresses the ferromagnetic metal and favors an AF 
ordering.[5] Another consequence of discomnrensuration is the CAl? state for 0.3 < x < 0.5 at lower 
temperature than the AF state. The AF components are parallel to the [OOl] axis and the 
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ferromagnetic components lies in the (OO1) plane. TCA decreases with x approaching O.5 and as a 
result the spontaneous magnetization in the CAF state. The CAF state seems to be related with the 
invasion of the metallic phase toward low fields in the low temperature region 0.3 < x < 0.4. [5] 
II.3.4.5 Size of magnetic moment on Mh ion site 
The ferromagnetic moment was determined to be uF - I .9 ~ 0.2 uB / Mh at 5 K from the 
integrated intensity ofthe neutron dif~raction profiles.[3, 5] Yoshizawa et al. has also determined the 
AF moment to be uAFI - 1.4 ~ O.2 uB / Mn for Mn3' ion site and uAFI < 0.5 uB/ Mn for Mn4' ion site, 
respectively.[5] The total moment uF - 2.36 uB ~l ion site is rather small from 3.7 uB / Mil ion site 
calculated from the molar fraction ofMn3+ and Mn4+ ions in chemical composition Pr0.6>~Ca0.35Mn03' 
in our present study, the magnetic moment was calculated to be uF - 0.83 uB / Mn as AF moment 
from the effective spin susceptibility X,ff. in Figure 11 - 9 and ur ~ 0.35 uB / Mn as mostly 
ferromagnetic moment from d.c. magnetization in Figure 11 - 1 1 . Both of estimations have been 
done at 100 K under magnetic field 0.01 T. Total moment is around 1.18 uB / Mn which is about a 
half of that obtained by Yoshizawa et al,[5] Relatively smaller values submit to further precise 
experimental and theoretical re-examination of magnetic state in high quality samples. 
II.3.5 Unusual ESR profile behavior at low temperature 
II.3.5. I Unusual ESR profile behavior at low temperature 
Figure 11 - 12 exhibits the ESR profiles at the low temperature region between 105 K and 75 K. 
The solid lines show the observed ESR profiles. The sharp resonance peaks around 320 mT come 
from the reference material Mh2+1MgO as a marker. Fitting to a Lorentzian curve was made and the 
resultant curves are drawn with dotted lines. Below 90 K, there are remarkable changes in the 
observed ESR profiles. The ESR curves deviate from the Lorentzian shape together with the 
decomposition of the unique resonance curves and the resonance field seems to shift to the lower 
magnetic field. There are at least two absorption lines in the ESR profiles and they superpose with 
each other. This result shows the existence of disorder in the ferromagnetic (F) component of the 
CAF spin order below 80 K. It is also responsible for the probable spin-glass state which occurs 
below 80 K as shown in Figure 11 - 13. 
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II.3. 5.2 Behaver of d.c. magnetization at low temperature 
Figure 11 - 13 shows the d,c. magnetization under the magnetic field 0.01 T in the warming run 
after field cooling run (FC(W)), the cooling run after field cooling run (FC(C)) and the warming run 
after zero field cooling (ZFC), respectively. A spontaneous magnetization appears below TCAF ~ 1 15 
K The rreversible hysteresrs between the FC(W) and ZFC grows remarkably TCAF ~125 K with a 
decrease in temperature, especially below 1 15 K. 
II.3.5.3 Spin-glass state 
The present observation is a typical magnetic behavior in case of the existence of spin-glass 
state as prescribed above. [ 1 3 J The magnetic diffuse scattering is observed around the fundamental 
magnetic Bragg reflection of the parent spin structure in the neutron diffraction study which may 
indicate that the spin glass type disorder exists in the system. This diffuse scattering decreases 
drastically by applying a relatively weak field of - 2.0 T, and the component parallel to the field 
increases rapidly. Such behavior also supports that the diffuse scattering should be attributed to the 
spin-glass component which is sensitive to a weak external magnetic field. [5] In Pr0.65Ca0.35Mn03, 
the concentration, x of Mn3+ ions does not retain a commensurate such as x = 1/4, 1/3 and 1/2 . The 
observed magnetic structure in the orthorhombic ab plane is that of the commensurate value x = 112 
structure as reported in an early study. [3] Thus, the formation of charge-ordering (CO) after CE-
type conflguration makes excess Mn3' ions intersperse randomly over Mil4. ion sites. Then the onset 
of some kind of fiustrated exchange interaction leads to the spin glass like behavior At low 
temperature as detected by the present ESR profiles. 
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Chapter 111 
Photo-Induced Spin Susceptibility on the Charge-Ordered State in 
Pro 65Cao 35Mn03 Powder 
HI.1 Introduction 
In this section, we discuss the photo-induced effect on the effective spin susceptibility 
(X,fr) and the absorption profile observed in the ESR under the photon injection with photon 
energy, hD = I . 17 eV and I .96 eV by laser in powder sample of Pr0.65Cao.35Mn03. [1, 2] The 
results under the photon inj ection at various temperatures exclude the laser heating as the origin 
of the above effect. The observed photo-induced effect appears remarkably around 80 K - 90 K, 
which is the characteristic temperature range below TCAP ~ 1 1 5 K only with the photon injection 
with hU = 1.17 eV. [3, 4, 5] 
III.2 ESR IVleasurement under the Photon Injection. 
For the photon inj ection, a Nd-YAG cw laser and a He-Ne cw laser were employed. The 
photon energy of Nd-YAG Iaser is near infrared region (photon energy, hv = I . 1 7 eV and 
wavelength, ~ = 10640 A). On the other hand, He-Ne laser is visible region (ho = 1.96 eV and ~ 
= 330 A). The laser power were adjusted with an optical slit. They were 5 mW, 50 mW and 175 
mW (9xl017 photons / sec.), for the Nd YAG Iaser and 5 mW (1 .6xl016 photons/sec.), for th~ He-
Ne laser. 
The laser light was introduced into the sample situated in a cavity resonator through a 
double shielded quartz tubes letting the mixed gas and liq. He flow for low temperature 
measurements. The penetration depth of the laser light is estimated to be about 0.2 um for the 
present sample.[61 The ESR measurement was done under the sequence, in which ESR profiles 
were measured without the photon inj ection, then with the photon inj ection by the He-Ne laser, 
subsequently by the Nd-YAG Iaser and finally without the photon inj ection again to check if any 
kind of damage to the sample occur. 
nl.3 photo-Induced Spin Susceptibility on the CO State 
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III.3. I ESR profiles without the photon injection 
In Figure 111 - I (a) thin solid curves show the ESR profiles for the Pr0.65Ca0,35Mil03 without 
the photon inj ection (dark) down to 80 K. It is the paramagnetic at room temperature (PI), then 
turns into the COI at Tco ~ 2 1 5 K, successively into the AFI at TAF - 1 80 K, and eventually into 
the canted antiferromagnetic state (CAFI) TCAF ~ 1 1 5 K with a good agreement with the phase 
diagram of Prl-*Ca~Mn03.[3, 5] With the above successive phase transitions, the ESR profiles 
retain Lorentzian curvature down to around I OO K, which is below TcAF' Below I OO K, the ESR 
profiles become broadened as shown in Figure 111 - I (b) with some kind of dissociation of total 
magnetic moments, which is in accordance with the behavior of d. c. magnetization in the 
¥varming run after zero-field cooling [7]. The exact mechanism of disappearance of the ESR 
signal is not clear. Further investigation is necessary to clarify in this point. The d.c. 
magnetization exiribits a spin-glass behavior, which has also been signaled from the magnetic 
neutron scattering study. [4] 
III.3.2 ESR profiles under the photon inJ= ection with hD = I . 1 7 eV 
In both Figure 111 - I (a) and I (b), the thick solid curves show the representative ESR 
profiles measured under the photon inj ection with ho = I . 1 7 eV at representative temperatures. It 
is clear that the ESR intensity initiate to depend on the photon injection below Tco ~ 2 1 5 K with 
decreasing temperature. Remarkably, the effect of photon injection on the ESR profile becomes 
predominant below 100 K which is close to the expected onset temperature ofthe spin glass state 
below TCAF ~ 1 15. K. [3, 7] 
One might suspect that this transition is simply dnven by the laser heating. The evidence 
against the laser heating is provided by the temperature dependence of ESR profiles. The ESR 
profiles with the photon injection show different behavior which is expected from temperature 
dependence of ESR profiles without the photon inj ection shown in Figure 11 - 1 1 when 
temperatur~ increase was happened. Also there is no difference among those ESR profiles at 
Iowest temperature where ESR profile is expected to be sensitive for this kind of heating. This 
transition was reproducible, not permanent and also not due to any damage to the sample by the 
laser irradiation. In fact, the ESR profile after the post-measurement with the photon injection 
shows almost identical with that obtained prior to the measurement under the photon inj ection. 
In the temperature range of I OO - 80 K, the obtained photo-induced effect indicates that the 
X,ff increases due to the photon injection, In contrast, the ESR profiles at 50 K exhibits that the 
X,fc decreases under the photon inj ection with good reproducibility. It is remarked that no 
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significant difference was observed at 70 K, 60 K and below 30 K. Simple interpretation of the 
above effect is due to the increase of the spin susceptibility together with the dissociation of AF 
state based on CO state to F state. The present interpretation indicates that the photo-induced I-M 
transition, equivalently collapse of CO state, occurs under the excitation by laser light with 
optimal energy. 
The photo-induced effect is remarkable at the temperature range of I OO K - 80 K which is 
i-n the CAF state. We speculate that the CAF state, in which spin moment and orbital angular 
moment as well appear from magnetic interaction, may play an important role in this photo-
induced effect. The correlation between the injected photon and the orbital angular momentum 
leads to the photo-induced effect.[8] 
Also the existence of the spin glass state [7] makes easy to lead the onset of I-M (AF-F) 
transition due to the short-range ordered CAF state. Such transition induces the enhancement of 
metallicity associated with the double-exchange interaction. It proves the photo-induced increase 
of the x.ff as shown in Figure 111 - I (80 K), which confirms the increase of the number of 
ferromagnetic spin. The spin glass state postulated by Yoshizawa et al.[1] may play an important 
role to realize photo-induced effect around 80 K. The composition of Pro.65Ca0.3sMn03 is not 
responsible for commensurate CO as in Pr0.5Ca0.5Mh03. In case of Pr0.5Ca0.5Mil03, the 
commensurate CO order with regular charge altemation is long range as -Mn3+-Mn4+-Mn3+-. For 
Pr0.65Ca0.35Mn03, as far as we consider trivalent (high spin) and tetravalent ionic (10w spin) states, 
some kind of discommensuration should appear, In this case, the commensurability conducts to 
random distribution of AF and F exchange interactions, which eventually forms the spin glass 
state. Such state can be reorganized by laser excitation with optimal photon energy. 
At 50 K, it is notable that the incident photons eventually decreases the ,C,fi: with enough 
reproducibility. The above results are reversible for repetition of the measurements with and 
without the photon injection. 
III.3.3 Photon energy dependence of photo-induced spin susceptibility 
Figure 111 - 2 (a) and (b) show the ESR profiles without photon injection (dark) and with 
photon injection with hu = 1.96 eV. In contrast to the photon injection with hD = I . 17 eV, the 
ESR resonance intensity is not affected much under the photon injection with ht) = I .96 eV. 
Figure 111 - 3 shows the detailed ESR profiles for Pro.65Ca0.35Mn03 at 80 K, 50 K and 40 K 
under the photon injection with hU = 1.17 eV and 1.96 eV, where obvious change in ESR 
profiles is given at temperature range in the QAF state. Large enhancement of the ESR intensity 
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occurs around 80 K. 
Photon energy, hU = I .2 eV is characteristic in the optical spectra in Rl-A.Mn03.[9, 10] It 
has been assigned as a charge-transfer excitation energy of an electron from the lower Jahn-
Teller split eg of Mn3' to the eg Of adjacent Mn4' ion, which exhibits the promotion of the dipole 
active photoionization of the small polaron. Our present result suggests that the simple near-
infrared laser irradiation with the characteristic photon energy, hU - I .2 eV enhances some kind 
of vibronic state and eventually releases the cooperative Jahn-Teller distortion associated with 
CO state. 
III.3.4 Laser power dependence of the photo-induced spin susceptibility 
Figure 111 - 4 exhibits the incident laser power dependence of the ESR profiles for 
Pr Ca MhO under the photon mJectron wrth ho 1 17 eV at 80 K and 50 K These ESR 0.65 0.35 3 
profiles show different laser power dependence at 80K and 50 K. At 80 K, there are obvious 
change in ESR profiles and the x,ff: increases with increasing laser power. It is noted that the 
described value of the laser power does not mean the exact value injected to the sample due to 
the double shielded He flow guide made from quartz glass as mentioned above. At 50 K there is 
a few change as a function of incident laser power in ESR profiles. 
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Chapter IV 
Evidence of Photo-Induced Melting of the Charge-Ordered 
State in Pr0.65Ca0.35Mn03 Powder by X-ray Diffraction 
rv.1 Introduction 
To investigate the origin of photo-induced effect observed in the ESR under the photon 
injection discussed in Chapter 111 [1], we study behavior of the superlattice reflections arisen 
from the CO structure by powder x-ray diffraction in this section.[2, 3] Intensity of the 
superlattice reflections was reduced under the photon inj ection with hu = I . 1 7 eV. The origin of 
the present photo-induced effect is attributed to the formation of short-range FM states due to the 
breaking of AF ordering, which is triggered by the collapse of the CO states induced by the 
photon inj ection. 
rv.2 powder X-ray Diffraction Measurement under the Photon lhjection 
For the photon injection, a Nd-YAG cw laser with hu = 1. 17 eV was employed. Due to 
the difficulty to equalize the incident photon nuniber for each, we did not apply other photon 
energy for comparison such as photon energy dependence of x-ray diffraction profile. The 
maximum laser power was monitored to be 175 mW (9xl017 photons / sec.). The laser light was 
introduced into the sample situated in the He cryostat through a window shielded with the 
Kapton film. It is noted that the described value of the monitored laser power does not indicate 
the precise value injected into the samples due to the existence of the window shielded with the 
Kapton film as mentioned above. The powder x-ray diffraction was carried out under the 
sequence in which we measure the powder x-ray diffraction profile without the photon injection 
(dark), subsequently with the photon inj ection and finally without the photon injection. 
rv.3 photo-Induced Melting of Superlattice Reflections from the CO State 
IV.3. I Superlattice reflections in x-ray diffraction in the CO state 
Figure 11 - 5 shows the powder x-ray diffraction profiles at 296 K, 190 K, 100 K and 50 K. 
The integrated intensities of the peaks assigned as the Bragg reflections are almost the same 
between those above and below Tco' The superlattice reflection peaks appear below Tco ~ 2 15 K. 
According to the indices as shown in Figure 11 - 5, the newly appearing peaks are assigned . 
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successfully as superlattice reflections with the unit cell parameters at 296 K as space group 
Pbum. Hence, a superlattice structure, a x 2b x c relative to the unit cell at 296 K has been 
confirmed below 200 K, which provides a complementary evidence for the existence of the CO 
state associated with the charge alternation ofMh3* and Mn4+ ions [4, 5]. 
Figure IV - I shows the temperature dependence of the integrated intensity of 
superlattice reflection at (3, 0.5, 2), which is one of the reflection which prominent increase 
below Tco' These superlattice reflection peaks appear around Tco associated with onset of the 
CO state and grows rapidly [6]. It is noted that the reflection intensity tends to be independent of 
temperature below TAF - 1 80 K. The present result confirms that the CO state is firmly retained 
in the ground state which provides the AFI. The observed superlattice reflection intensity does 
not change under the x-ray diffraction measurement without the photon inj ection as far as we 
concern: i.e., no trace of photo-induced effect was observed in the CO state by using the present 
laboratory x-ray source in contrast to the previous synchrotron orbit radiation x-ray study [6, 7] . 
IV.3 .2 Powder x-ray diffraction under the photon injection 
The photo-induced effect for these superlattice reflections was studied under the photon 
injection with ht) = 1. 17 eV. Figure rv - 2 (a) and (b) show the powder x-ray diffraction profiles 
of superlattice reflections from (2 1.5 O) and (2 0.5 2) together with Bragg reflection from (1 1 3). 
These reflections were selected for clarity to compare the Bragg reflection intensities with. 
superlattice reflection ones. As shown in Figure IV - 2, in contrast to the Bragg reflections, a 
prominent suppression of the superlattice reflection intensities was found out under the photon 
injection. 
One might suspect that this transition is simply driven by the laser heating. The evidence 
against it is given as follows. In any case, if the incident laser light works on the increase of 
temperature one should observe the change of the lattice spacing. There is no remarkable 
difference in both intensity and shift of the Bragg reflection angle (shift less than O . 04 o/o of the 
length of lattice spacing as estimated from the Bragg reflection angles with and without the 
photon inj ection) for ( 1 1 3 ) reflection. The length of the lattice spacing should be quite sensitive 
for this kind of heating. 
The observed intensity change of superlattice reflections was reproducible for altemation 
of switch-on and off of laser, not permanent and no remarkable trace of the damage to the 
sample was found to diffraction profiles. It is stressed that the almost identical Bragg profile 
without the photon injection was obtained to the powder x-ray diffraction measurement under the 
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photon injection. The remaining intensity of the superlattice reflections under the photon 
injection is possibly from the non-irradiated fraction of the powder particles with a mesh 20 um 
and gradually melting CO domains [6], while the penetration depth of the laser light has been 
estimated to be about O.2 um [8] for the present sample. 
rv.4 Mechanism of the Photo-Induced Effect 
IV.4. I Jahn-Teller small polaron 
The observed suppression of the superlattice reflection evidently indicates that near-
infrared photon injection with ho - 1.2 eV induces the collapse of CO state which would be 
together with the transition from AF-CO to F-CD, In fact. Yoshizawa et al [5] showed the 
suppression of the superlattice intensity at (2, 1.5, O) under magnetic field as an evidence of the 
collapse of the CO state. However, it is the first to our knowledge that laser light irradiation 
suppresses the superlattice intensity at (2, 1.5,0) structuraly. The present observation is not far 
from the previously observed I-M transition triggered by photocarrier generation by Miyano et al 
[8]. Without a structural evidence, they reported the trace of the collapse of the CO state by 
observation of photocurrent under the coexistence of the applied electric field and pulse laser 
irradiation with I .2 eV in the photon energy range 0.6 to 3 . 5 eV. 
We discuss the reason why we detect the collapse of CO state for photon energy - I .2 eV. 
This energy value is characteristic in the optical spectra in these manganites. For example, there 
is a broad peak in the photoconductivity ftinction centered around I .2 eV in similar compound, 
La0.7Ca0.3Mh03 [9] and Nd0,7Ca0.3Mn03 [10]. It is assigned as a charge-transfer excitation of an 
electron from the lower Jahn-Teller split eg Of Mh3' to the eg Of adjacent Mn4' ion, which extLibits 
the promotion of the dipole active photoionization ofthe Jahn-Teller small polaron [9]-
Our present result suggests that the photon injection with the characteristic photon energy 
- 
 .2 eV which is near-infrared region enhances the vibronic state and eventually releases the 
cooperative Jahn-Teller distortion associated with CO state. Figure IV - 3 shows schematically 
the electronic structure ofthe Mn3' and Mh4' ions in Pr0,65Ca0.35Mh03 and possible optical charge 
transitions. It shows the energy of Mn 3d-eg and 3d-~g levels for adjacent Mn3' and Mn4. ions in 
the AF state associated with the CO state. The spin up eg levels in the Mn3' ions are split by EJT 
due to the Jahn-Teller effect. In the Mn4' the spin up eg states are shifted upwards (relative to the 
unsplit Mn3' ion spin up eg levels) by EB due to the oxygen breathing mode distortions. The spin 
down eg level (not shown in the figure) of Mn4+ is higher by Hund's coupling energy EJ = JI{Sc 
42 
relative to the spin up eg level ofMn4', where JH is the exchange constant of Hund's coupling. Sc 
is the Mn ion core spin (Sc = 312). We estimate that the charge transition energy from the spin up 
eg levels in the Mn3' to the spin up eg level of Mn4. is about I .2 eV. 
This process leads in promoting the hopping of an electron from a Mn3' to a neighboring 
Mil4. with the transfer energy, t and mixing species of Mn3' and Mn4. ion site. It corresponds to 
the transition from the CO state to the CD state with the metallic property. In other word, it is the 
photoionization of the Jahn-Teller small polaron. 
The large JH means that the hopping of an outer-shell electron between two Mh sites is 
affected by the relative alignment of the core spins, being maximal when the core spins are 
parallel and minimal when they are antiparallel. This results in the double-exchange interaction 
between the localized spins, the core ~g orbital (S=3/2) mediated by the hopping eg orbital 
electron. The insulating sate is AF and the metallic state is ferromagnetic (F). We stress that laser 
induced conductance change in Lao 7Ca0.3Mn03 [9] has been observed near the PI to FM 
transition t.emperature. Highly polarized state ofMn3+ and Mn:4' spins as a ferromagnetic order is 
necessary to achieve the d.c. conductivity based on the collapsed CO state. 
The present result of x-ray diffraction provides not only a structwal evidence of collapse of 
the CO state by photon injection but also the photo-induced I-M transition occurs together with 
the increase of the spin canting toward the spin polarization ofMn sites. The present results also 
reconfirm inadequacy of simple double-exchange model and the importance of the influence of 
the lattice distortion as well as th_e AF ordering. 
IV.4.2 Discommensuration effect 
We state that the present observation of the collapse of the CO state with relative ease is 
strongly related to the discommensuration for the charge and spin ordering in CO state for 0,3 ~ 
x ~ o.~/5, which is basically represented by their AF CE-type [4]. In the composition with x = 0.5, 
where Mn3' and Mn4' ions are arranged alternately within the (OO I ) plane and magnetic lattice is 
expanded to 4a x 4b x 2c in the pseudocubic setting. This fact indicates that they need some 
additional mechanism which stabilizes the CE-type spin structure even at x = O.35 despite a 
considerable spin disorder in the AF insulator. When x reduces from O.5 to 0.3, the spin 
arrangement within the ab plane preserves CE-type feature but that along the c direction changes 
from antiparallel to parallel confrguration. Such an x-dependent AF structure has been discussed 
in terms of the double-exchange interaction along the c-axis direction mediated by the extra 
electrons [51, the concentration of which is (1/2-x)/Mh site and measures the degree of the 
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discommensuration. The deviation of x from O.5 plays an important role for a melting of the CO 
state with relative ease at the low temperature side. The CO state suppresses the FM and favors 
an AF ordering [5, 1 1], eventually leading to the CAF state {1)elow TCAF = 125 K Iower than TAr' 
The AF components are parallel to the [OOl] axis and the ferromagnetic components lies in the 
(OO 1) plane. In the present results, the CAF state seems to be related with the appearance of the 
metallic phase based on the collapse of the CO state with the photon injection with hu = I . 17 eV. 
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Chapter V 
Comparative Study of Photo-Induced Effect in Pr0.65Ca0.35MnO m Powder 
and Thin Films 
V I Pr Ca MnO Thin Films ' 0.65 0.35 3 
In Chapter 111 and IV, the photo-induced effect observed with the ESR and the x-ray 
diffraction in the powder sample of Pr0.6sCa0.35Mn03 under the near-infrared laser irradiation 
(photon energy, hD = I . 17 eV) has been thoroughly discussed. This photo-induced effect is 
perhaps due to the photo-induced collapse of the CO and is associated with the AFI - FM 
transition similar to the CMR effect. This photo-induced effect has a grate potentiality in the 
industrial application for the optical-magnetic hybrid device, with which one can control the 
electric property by the photo inj ection and/or the magnetic field. In fact, the CMR effect [ I , 2. 
3] in the r~anganese have already been applied for the super high density magnetic recording 
system, e.g., a magnetic pick up sensor for hard disk drive (HDD). The bolometer effect, which 
is the sharp AFI - FM transition by thermal heating with light has as well been applied for the 
night scope. [4, 5, 6] However, in the Rl-AMn03, it is noted that the threshold energy for this 
photo-induced effect (order of I O mW) is the smallest in the AFI - MF transition. This fact in 
turn rises up the potentiality of photo-induced effect in industrial application. 
On the other hand, the fabrication of the thin film also provides a good advantage for 
application. The first reason is its ability to enhance the sensitivity of the photo-induced ~ffect 
found in the powder sample against the small penetration depth of the laser light, and the second 
is its ability to process the large integrated circuit (LSI) with the usual micro-processing 
technology for the semiconductor LSI. However, the phenomenon of oxygen semiconductor in 
the thin films varies in the preparatory condition and influences the charge carrier concentration 
as well as electrical properties like most of the metal oxides. A strain effect due to the lattice 
mismatch between the film and the substrate plays an important role resulting in a distortion of 
perovskite structure of manganite and eventually in the population of Mn3+ and Mn4' ions. 
In this chapter, a property of the Pr0.65Ca0.35Mn03 thin-film samples prepared by the sol-gel 
method has been compared to the Pr0.65Ca0.35Mn03 powder sample focussing on the photo-
induced effect. It is shown that there is a large difference between the powder and the thin films 
with respect to the existence of the CO state. [7] 
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V.2 Experiment 
V.2. I Sample preparation ofPr0.6sCa0.35Mn03 thin film 
The thin film samples of Pro~;5Cao.35Mn03 with 5000 A thickness were prepared by the sol-
gel method on SrTi03 (100) single crystal substrates. First, a repetition of the spin-coating was 
done starting with a xylene-MOD solution and following by a dry and pyrolysis process at 
430 'C, I O min. Second, the crystallization was done by RTA (Rapid Thermal Annealing) under 
N20 gas flow. The optimal crystallization was obtained at 900 'C.[7] 
The x-ray diffraction was carried out at room temperature to study the crystallographic 
characters ofthe thin film samples, The temperature dependence of d, c. resistance was measured 
by a conventional four-probe method from 290 K to 5 K under an applied magnetic field up to 6 
T using a superconducting magnet (Oxford Maglab 2000). 
V.2.2 ESR measurement 
The EPR study for the spin states of 3d-~g (S=2) and/or 3d-eg (S=3/2) on Mn3' and Mri4' 
ionic sites was done using a spectrometer operated at 9 . O GHZ (X-band) fiom 300 K down to I O 
K. For the thin-film sample, the static magnetic field H~ was applied perpendicular to the c-axis 
ofthe fihn. 
To investigate the photo-induced effect, a He-Ne CW Iaser of photon energy, hu = I . 96 eV 
and a Nd-YAG CW Iaser of ht) = 1.17 eV were employed for the photon injection. The laser 
power was adjusted with an optical slit resulting in 5 mW, 50 mW and 175 mW (9xl017 
photons/sec.) for the Nd YAG Iaser, and 5 mW for the He-Ne laser. 
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V.3 Results and Discussion 
V.3. I X-ray diffraction analysis 
Figure V - I shows the x-ray diffraction profile of Pr0.65Ca0_35Mn03 thin film at 290K. The 
peak profile of the 002 peak is shown with the 002-diffraction peak of the SrTi03 substrate. The 
x-ray diffraction indicates the formation of high degree of crystalline order and orientation of the 
c-axis due to the annealing procedure under N20 gas flow. The typical sample thickness is 
around 5000 A. 
V.3.2 Transport property 
The electric transport property of the powder and the thin-film samples are significantly 
different. 
Figure 11 - 6 shows th~ temperature dependence of the differential resistance (dRJdT) of 
Pr0.65Ca0.35~n03 powder sample. It is semiconductor-like without external magnetic field at 
whole temperature range. The dR/dT shows a prominent peak which is a sign of onset of the 
second-order phase transition associated with formation of the CO state where the charge is 
10calized on Mh ionic site at Tco ~ 2 1 5 K tpgether with the Mh3+ and Mri4' alternation leading to 
the superlattice x-ray reflection. The powder sample shows a CMR effect (RM-RO)fRO ~ 400 olo 
with a threshold magnetic field of about 2 T at the CO state below Tco' 
Figure V - 2 shows the temperature dependence of the dR/dT of a Pr0.65Ca0.35Mn03 thin 
film sample. The dl~dT does not show any clear sign ofthe onset of the second-order transition 
that gives an evidence for the existence of the CO state. The present thin-film samples do not 
show any significant CMR effect at high magnetic fields up to 6T at whole temperature range. It 
showed rather a positive magnetoresistance. 
V.3.3 ESR for Pr0.6sCa0.35Mn03 powder 
In Figure 111 - 3, the dotted curves show the ESR profiles for the Pr0~5Ca0.35Mn03 powder 
sample without the photon injection (dark), The ESR spectrum exhibits the paramagnetic 
behavior at room temperature. This paramagnetic feature is retained down to the CO state below 
Tco ~ 215 K. Below the onset of the AF state at TAF - 180 K, the ESR signal becomes weak with 
decreasing temperature, Eventually the characteristic feature of the ensemble of spin clusters 
appears around the onset of the CAF state of TCAF ~ 1 1 5 K. This is in good agreement with the 
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phase diagram of Prl-'Ca~Mn03. [8, 9, 10] It is stressed that below TcAF, the ESR profiles 
become broadened with some kind of dissociation of the total magnetic moments, which is in 
'accordance with the behavior of d,c. magnetization in the wanning run after zero-field cooling 
[8]. 
The resonance is more characteristic of ferromagnetic resonance from a collection of 
independent and randomly oriented anisotropic crystalline samples. Anti-ferromagnetic 
resonance is not probable since the individual exchange field ofthe separate magnetic sublattices 
would be too large to provide a resonance at 9.0 GHz. 
In Figure 111 - 3, the thick solid curves show the ESR profiles under the photon injection 
with hL) = I . 17 eV. It is clear that the ESR intensity starts to depend on the photon injection 
below Tco ~ 2 1 5 K with decreasing temperature and strikingly recovers its paramagnetic 
l'esonance intensity even below TCAF (115 K). The present photo-induced effect becomes 
predominant below 100 K [1 I]. In the temperature range of 100 K - 80 K, the obtained photo-
induced effect indicates that the effective spin susceptibility, ,C,ff revives due to the photon 
injection. These results indicate that the CO state with CAF spin order can be transformed to 
paramagnetic and/or ferromagnetic order. In the following, the x-ray diffraction profile measured 
under the photon inj ection clearly suppresses the super-1attice reflection, which provides us 
evidence for the melting of the CO sate, It is clear that the energy value of 1. 17 e V of laser light 
is assigned as a charge-transfer excitation of an electron from the lower Jahn-Teller split eg of 
Mri3' to the eg of adjacent lvin4. ion. The present interpretation indicates that the photo-induced I-
M transition or equivalently the collapse of the CO state, occurs under the excitation by laser 
light with optimal energy. In fact, in contrast to the photon inj ection with ho = I . 1 7 eV, the ESR 
resonance intensity is not affected under the photon injection with hU = I .96 e V. The photon 
energy, hD = I . 1 7 e V, is characteristic in the optical spectra in Rl-AM:n03 . It has been assigned 
aS an excitation energy of the small Jahn-Teller polaron. [12] Our present result suggests that the 
photon injection with ho - I .2 eV enhances some kind of vibronic state and eventually releases 
the cooperative Jahn-Tell~r distortion associated with the CO state. 
V.3 .4 ESR for Pro 65Ca0.35Mh03 thin films 
In Figure V - 3, the thin solid curves show the ESR profiles for the Pr0.65Cao.35Mn03 thin 
film samples without the photon injection (dark) at temperature range 130 K - 95 K. The ESR 
was very weak and paramagnetic resonance above 1 3 O K. 
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In the thin film, the ESR intensity with g - 2.0 gradually increases with decreasing 
temperature, suggesting the existence of paramagnetic susceptibility. Below 120 K, the spectrum 
splits into at least two lines and the center magnetic field of the resonance profile shifts to a low 
magnetic field with decreasing temperature. The observed resonance-shift indicates the 
appearance of the spontaneous magnetization. The temperature dependence of the resonance 
field-shifi below 120 K is in good agreement with the phenomenological order parameter, which 
is induced from the second-order transition scheme. [13] The precise study to identify the origin 
of the observed resonance is under progress with respect to both paramagnetic resonance of 
ferromagnetic clusters and the propagation of magnetic polarons [ 1 4, 1 5]. 
Figure V - 3 shows temperature dependence of the ESR profiles for Pr0.65Ca0_35Mil03 thin 
film under the photon injection with hv = 1.17 eV by dotted lines. The ESR profiles in the 
present thin film exhibit a weak modification under the photon inj ection in temperature rang)e 
1 1 O K - 95 K. We estimate that the present result is a kind ofphoto-induced effect. However, the 
mechanism of this effect does not come from the photo-induced melting of the CO state as in the 
powder sample. This is because there is no evidence for the existence of the CO state in this 
present thin film. 
V.3.5 Origin of difference between thin film and powder 
The electrical and magnetic properties of thin film and powder samples of Pr0.65Ca0.35Mh03 
are quite different as we mentioned above. The difference may be due to the oxygen 
stoichiometry , the degree of order of the population ofMh ions, the charge carrier concent;ation 
and eventually electron hopping like in most metal oxide materials. A strain effect due to the 
latuce mismatch between the film and the substrate is plausible and it may control the distortion 
of perovskite structure, 
With the laser irradiation, we fmd the shift ofthe resonance line to high magnetic field. We 
think that the present photo-induced effect is not due to the same mechanism as in the powder 
sample since the thin-film form does not possess the CO state. Probably, the present transition in 
the thin films is a ferromagnetic transition with some kind of photo-induced effect, which is in 
contrast to the photo-induced effect in bulk compounds, 
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　　　　　　　　　　　　　　　　　　　　　　　　　　C臨apter　VI
Compa置－ativeStudyofPhoto－lnducedEf6bctinThinFilmsofL3α67Cao33MnO3
　　　　　　　　　　　　　　　　　　　　　andPrα65Cao35MnO3
VI。1L撹o．67Ca鰯MnO3ThinFi㎞
　　　In　Chapter　V，the　Pro．7Cao3MnO3（PCMO）thin　film　prepared　by　the　so1－gel　method　has
been　studied　fbcusing　on　the　photo－induced　effヒct　observed　in　the　PCMO　powder　sample．
However，the　photo－induced　effピc亡and　the　CO　state　which　plays　an　impo賞ant　role　fbr　the　I－M
transition　by　the　extemal　stimuladon　such　as　the　CMR　eff己ct　are　absent　in　the　present　PCMO
出in薮㎞sample．Re驚r　to　the　data　updated，no　success　has　recently　been　repo益ed　fbrthe　I－M
transitionsuchasthe　CMReffごctinthePCMOthin丘㎞．
　　　The　R1．AMnO3with　smalhonic　radii　ofthe（A，R）ions，such　as　PCMO，has　a　delicate
physical　P疋ope靭which　competes　between　the　CD　metallic　state　with　f奄rroma，gnetic　spin　order
plus　smallJa㎞一Teller蛋stor虹ons，andthe　CO　insulatingstate　duetothe　sma11惚ns勧integra1。
The　physical　property　ofthe　PCMO　thin　fi㎞is　strongly　affヒcted　by　the　thin　film　preparation
鉛ctor　such　as　the　oxygen　stoichiometry　an4the　stra血effヒct．
　　　Onthe　contrary，the　R正．謀血03with　large　ionic　radii　ofthe（A，R）ions，such　as　LCMO，
is　not　af驚cted　by　the　thin　film　preparation　factor，It　is　much　easier　to　be　prepared　in　thin　film
samples．The　proper　choice　ofLa／Ca　atomic　radius　ratio　such　as　the　Lao．67Cao．33MnO3（LCMO）
results　in　the　double　exchange　fヒrromagnetic　ground　state．The　LCMO　ex短bits　a　metallic
conductionbelowtheI－Mtransitiontemperature（T。）andthe　CMRaroundT。．
　　　In重his　chapter，the　LCMO　thin　Hlm　samples　prepared　by　the　sol－gel　method　are　studied
competitively　with　the　PCMO　thin　films　to　opt㎞ize　the　CO　state　and　to　achieve　the　photo－
inducedef驚ctinthePCMOthin負㎞swiththeX－bandESRandtheresistivitymeasurement。［1］
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VI.2 Sample Preparation of Lao.67Ca0.33Mn03 Thin Film 
LCMO thin film samples were prepared by the sol-gel method on the SrTi03 ( 100) 
substrate as mentioned in Chapter V. The optimal crystallization was obtained at 1000 'C for 
LCMO thin films. [1] 
With the x-ray diffraction technique, we can confirm that these samples have the high 
degree of crystallinity and proper orientation on the c-axis. Figure VI - I shows the x-ray 
diffraction profiles ofLCMO and PCMO thin film samples. For the substrate, the 002 diffraction 
peak profile is shown with the 002 peak, In the case of LCMO thin films, the repetition of the 
post-crystallization annealing at 800 'C is remarkable with increase in Tc' This is directly 
connected to the I-M transition temperature obtained from the d, c. resistance measurements. The 
increase in T, (the highest T, = 3 10 K) is most probably caused by the increase in oxygen content. 
The LCMO and PCMO thin films were typically 5000 A thick. [1] 
VI.3 Results and Discussion 
VI.3. I Transport properties 
Figure VI - 2 presents the d.c. resistivity as a function of temperature in Pr0.6sCa0.35Mn03 
(PCMO) and La0,67Ca0.33Mh03 (LCMO) thin film samples. The PCMO thin films shows the 
semiconducting behavior with the activation energy of 48 meV without any sign of the formation 
of the CO state (see the temperature derivative resistance dRJdT curve). This is in contrast with 
the observation of the CO phase transition in the bulk PCMO sample at 215 K [2, 3]. Due to 
either a mismatch of the optimal lattice constant of PCMO with that of the applied substrate or 
some kind of lattice defects, the optimal population of Mh3' and Mn4. rons looks difficult to be 
,",chieved in the studied films. In the subsequent discussion, we will focus on the survey of the 
onset of some kind of magnetic transition in the PCMO thin film. For LCMO composition, the 
thin film shows the I-M transition at 260 K (T,) together with a large CMR. 
VI. 3 . 2 Magnetic transition 
VI,3,'_. I ESR profile 
F~igure VI - 3 shows the ESR profiles for PCMO and LCMO thin films. The static magnetic 
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field Ho Was applied parallel to the surface of the films (HO i c-axis). In PCMO sample, the ESR 
signal intensity of g - 2.0 gradually increases with decreasing temperature, suggesting the 
existence of the paramagnetic susceptibility. Below T, - 125 K, the resonance magnetic field of 
ESR profile shifts to a lower magnetic field with decreasing telnperature. The observed 
resonance-shift signals the appearance of the spontaneous magnetization. The obtained results 
are in contrast with the observed ESR signals for the PCMO powder sample with the same 
nominal composition. 
The thin film ofLCMO shows the paramagnetic behavior down to 270 K and the spectrum 
splits into two lines around T, - 260 K. One of them shifts to a lower resonance field with the 
broad line. The other resonance line remains with g - 2 band and gradually disappear. 
VI.3 .2.2 Temperature dependence of resonance shift 
In Figure VI - 4, the iesonance magnetic field in both PCMO and LCMO thin films have 
been plotte~. These values ivere taken from the simple unconvoluted experimental ESR spectrum. 
The observed shift of the resonance magnetic field is noted as Ag (shift of the resonance g value 
from the g value at room temperature). 
The temperature dependence of Ag below T, indicates the critical behavior in the case of 
the existence of the second-order magnetic transition. According to the simple phenomenological 
Landau theory of the second-order phase transition [4] , we have performed the theoretical fit to 
the obtained center magnetic field Ag as oe(T,-T)1/2 where oe is the positive constant. As shown in 
Fig. 4, a good agreement between the obtained resonance shift and the calculated (Ag)2 was 
tichieved for both compounds below T,. It has been reported that LCMO undergoes into the FM 
state below T. - 260 K [5]. The present PCMO thin films similarly show the magnetic transition 
with ferromagnetic order at T* - 120 K. 
In summary, in the PCMO thin films, there is no onset of the CO state around 2 1 5 K in the 
d.c. resistivity behavior as seen in the PCMO powder sample [1]. The mismatch between the 
lattice constants of PCMO and those of su~strate or some kind of lattice defects and strains, the 
insufficient population of Mn3' and Mh4. ions might prevent the realization of the identical 
properties as seen in the PCMO powder sample [6]. 
In contrast to the bulk PCMO, we have found the existence of the onset of the magnetic 
transition at 120 K in the PCMO thin films. The temperature dependence ofthe resonance field-
shift below 120 K is consistent with the phenomenological order parameter induced from the 
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second-order transitional scheme. In order to identify the origin of the observed resonance, the 
more precise studies are presently in progress. We concem in both the paramagnetic resonance 
of ferromagnetic clusters and the propagation of magnetic polarons [7, 8]. Finally, we suggest 
the existence of probable spin-fold over the effect of the spin wave below 90 K for PCMO and 
1 50 K for LCMO thin films, which is a characteristic behavior of ferromagnetic thin films. 
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Chapter Vll 
Conclusion 
With respect to the photo-induced effect, we investigated the spin system and the charge 
system in Pr0.7Ca0.3Mn03 by ESR and x-ray diffraction, respectively. As the first step, magnetic 
and structural behavior of Pr0,65Ca0.35Mn03 (Space group: Pbnm at 296 K) in powder fonn was 
studied. The onset of the charge-ordered (CO) state at Tco ~ 2 1 5 K was verified from the change 
of lattice constants and the appearance of superlattice reflections. The antiferromagnetic 
transition was found out at TAF - 180 K based on the ESR Iinewidth AHp_p. The canted 
antiferromagnetic transition was observed at TCAF ~ 1 25 K from both the appearance of the 
spontaneous d, c. magnetization and an abrupt increase of the AHp_p. The resonance intensity in 
ESR profile becomes weakened with decreasing temperature, suggesting the existence of 
magnetic disorder below 90 K. It is responsible for behavior of d.c. magnetization below TcAF' 
They provi~e an evidence of the existence of the spin-glass state. 
To investigate a photo-induced effect, the ESR for Pr0.65Ca0_35Mh03 powder was measured 
under the photon inj ection by a He-Ne cw laser with photon energy, hl) = I . 96 eV and a Nd-
YAG cw laser with ho = 1. 17 eV. Both significant change of the ESR curve and increase of the 
effective spin susceptibility was clearly found out under the photon inj ection with hD = I . 1 7 eV 
between 90 K - 80 K, in the canted antiferromagnetic state associated with the CO structure. The 
temperature dependence of ESR profile excludes the possibility of laser heating. On the cQntrary, 
the ESR corve is not affected much under the photon injection with ho = I .96 eV. Photon energy, 
ht) - I .2 eV is characteristic in the optical spectra in distorted perovskite manganese. It has been 
assigned as a charge-transfer excitation energy of an electron from the lower Jahn-Teller split eg 
of Mn3+ to the eg of adjacent Mn4' ion, which exhibits the promotion of the dipole active 
photoionization of the small polaron. Our present result suggests that the photon inj ection with 
the characteristic photon energy, hU - I . 2 eV enhances vibronic state and eventually releases the 
cooperative Jahn-Teller distortion associated with CO state. 
The behavior of CO state in Pr0~5Ca0.35Mn03 powder under the photon injection with ho 
= 
 . 1 7 eV was studied with the x-ray diffraction to understand the mechanism of present photo-
induced effect. Below Tco, the superlattice reflections appeared associated with the formation of 
the CO state and the CO sate was maintained down to at least 10 K. The photon injection led to 
the prominent decrease of the intensity of superlattice reflections. The present result provides a 
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structural evidence of the collapse of CO state by the photon injection. The present result 
suggests that a photo-induced I-M transition occurs due to the propagation of delocalized carriers 
via probable double-exchange interaction in the collapsed CO state created by the photon 
injection. 
As the second step, Pr0.65CaQ.35Mn03 thin films were prepared to improve the sensitivity of 
the photo-induced effect against small penetration depth of the laser light and to get the 
advantages in industrial application. The thin films of Pr0.65Ca0.35Mn03 with 5000 A thickness 
were prepared by the sol-gel method on SrTi03 (100) substrates. In the ESR study, the thin films 
exilibit the ferromagnetic transition at T, - 1 20 K and some kind of weak photo-induced effect at 
low temperature. However, the ground state of the discussed thin films are not accompanied by 
the CO state, which plays an essential role on the photo-induced effect. These differences are due 
to the oxygen stoichiometry and strain effect due to the lattice mismatch. 
Thin film of distorted perovskite manganese with large size rare earth and alkaline earth 
ions, La0.67Ca0.33Mn03 is less effected in the oxygen stoichiometry and/or the strain effect. To 
enhance the photo-induced effect in Pr0.65Ca0.35Mn03 thin film against these process parameters, 
La0.67Ca0.33Mn03 thin films were comparatively studied. La0.67Ca033Mn03 undergoes the 
transition from the paramagnetic insulating state into the ferromagnetic metallic state at the Curie 
temperature, T, - 260 K. The temperature dependence of the ESR resonance magnetic field in 
both Pr0.65Ca0.35Mn03 and La0.67Ca0.33Mh03 thin films obeys a critical behavior of a second-order 
phase transition, corresponding to the appearance ofthe spontaneous magnetic moment. 
Increase of the effective spin susceptibility and collapse of CO state was found in 
D n* Mn03 powder under photon inj ection (hL) = I . 1 7 eV). This photo-induced effect has rr0.65~*0. 5 
the lowest threshold in I-M transitions found in Prl-'C~~~ln03. However. Pr0.65Ca0.3sMn03 thin 
films prepared by the sol-gel method does not show photo-induced effect and is not accompanied 
by the CO state. 
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Figure Captions 
Crystal structure ofthe distorted perovskite manganese, Rl-AMn03 (R = trivalent 
rare earth element and A = divalent alkaline earth element). 
Electronic configuration of ionic state of Mn3' and Mn4' ions in the distorted 
perovskite manganese according to the Hund's rule. 
Double-exchange mechanism in the distorted perovskite manganese, Lal-*Sr~Mn03 
with the larger ionic radii. 
Phase diagram of Prl-'Ca~n03 determined by resistivity, magnetization and 
neutron diffraction by Y. Tomioka et al. J. Phys. Soc. Jpn., 65, 1043 (1996). 
The schematic spin structure of the pseudo CE-type antiferromagnetic structure (a) 
for the collinear intermediate phase and (b) for the canted low temperature phase. 
Lines of the open circles (Site 1) and the closed circle (Site 2) may appear either 
along the x direction or along the y direction due to domain. 
Mechanism of the electron spin resonance. 
Effective fields in antiferromagnetic resonance. The magnetization M1 on sublattice 
1 sees a field Bl' ~~M2 + BAZ; The magnetization M2 on sublattice 2 sees a field B2, -
~MI - BAZ. Both ends ofthe crystal axis are "easy axes" ofmagnetization. 
The block diagram of the electron spin resonance spectrometer. 
Definition ofthe electron spin resonance linewidth AH~p" 
Scattering by a group of electrons at positions rj. The wave numbervectors ko and kl 
give the direction of the primary x-ray beam and the direction to the point of 
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The function sin2 Nx / sin2 x for N= 10. The function peaks at values of x, which are 
integral multiples of 7c and it is essentially zero everywhere else. 
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Schematic view of the d, c, magnetic susceptibility measurement. 
Powder x-ray diffraction profiles with + mark and the Rietveld fitting result with 
solid lines for Pr0.65Ca0,35 Powder at 290 K. 
Lattice constants for Pr0.6sCa0.35Mh03 powder from the x-ray diffraction as a 
function of temperature from 300 K down to I O K. 
Superlattice reflections observed in the powder x-ray diffraction profiles for 
Pr0.65Ca0.35Mn03 powder at representative temperature. 
The temperature dependence of the differential resrstance (dR/dT) of 
Pr0.65Ca0.35Mil03 powder. 
The magnetic field dependence of the resistance, R of Pr0.6,~Ca0.35Mn03 powder at 
80 K. The CMR effect (RM-RO)/RO is about 400 o/o. The threshold magnetic field is 
about 2 T. 
Electron spin resonance profiles for Pr0.65Ca035Mh03 powder at temperature range 
between 300 K to 120 K. 
Temperature dependence of electron-spin resonance linewidth AI{~p (+) and the 
effective spin susceptibility X,ff. (o) for Pr0.65Ca0.35Mh03 powder from 300 K dowa 
to I O K. The PI, COI, AFI, and CAFI denote the paramagnetic insulator, the 
charge-ordered insulator, antiferromagnetic insulator, and canted antiferromagnetic 
insulator, respectively. Tco, TN and TCA denote charge-ordering transition 
temperature, N6el temperature, canted antiferromagnetic transition temperature, 
respectively. 
A block diagram showing the energy flow paths for the Mh4. and Mn3' spin 
subsystems and the lattice. The relaxation rate R.b represents relaxation from 
subsystem a to subsystem b. The thickness of the arrows is a measure of the 
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Figure 11 - 12 
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magnitude of the particular relaxation rate R,b 
D,c. magnetization for Pr0.65Ca0.35Mn03 powder as a function of temperature from 
300 K down to 10 K. 
Electron spin resonance profiles for Pr0.6sCa0.35Mn03 powder at temperature range 
between 105 K to 75 K. 
D.c. magnetization as a function oftemperature in Pro~5Ca0.35Mri03 powder. FC(C), 
FC(W) and ZFC denote, the magnetization in the coolong run after field cooling 
run, the warming run after field cooling run, the warming run after zero field 
cooling, respectively. Measurements have been done under the magnetic field O . 1 
T. In the zero field cooling (ZFC), measurements were performed after sample was 
cooled to a prescribed temperature under zero field. 
l･~'igure 111 - I (a), (b) ESR profiles for Pro~;5Caoi5Mn03 powder wrthout optrcal excrtatron (Dark) 
and with optical excitation by Nd-YAG Iaser (photon energy, hU = I . 17 
eV). 
Figure 111 - 2 (a), (b) ESR profiles for Pr0.65Ca035Mn03 powder without optical excitation (Dark) 
and with optical excitation by He-Ne laser (photon energy, hU = I .96 eV). 
Figure 111 - 3 ESR profiles for Pr0.65Ca0.35Mh03 powder at 80K, 50K and 40K under 
optical excitations by Nd-YAG Iaser (photon energy, ht) = I . 1 7 eV) and by 
Nd-YAG Iaser (photon energy, hv = 1.96 eV), where obvious change in 
ESR profiles, at the CAF state temperature region. 
Figure 111 - 4 ESR profiles for Pr0.65Ca0,35Mn03 powder at 80K and 50K under different 
excitation power by Nd-YAG Iaser (photon energy, hU = I . 1 7 eV). 
Figure IV - I Temperature dependence of the integrated intensity of superlattice 
reflection at (3, O.5, 2) which is one of the prominent superlattice 
reflections below Tco ~ 215･ K in the Pr0.65Ca0.35Mh03 powder at 
temperature range from 240 K down to 30 K. 
Figure IV - 2 Powder x-ray diffraction profiles for Pr0.65Cao.35Mn03 powder at 30 K (a) 
and 40 K (b) from (2, 1.5. O), (2 ,0.5, 2) and (1, 1, 3) reflections with 
(dotted curve) and without (solid curve) Nd-YAG cw laser ifradiation 
(photon energy, ho = I . 17 eV). 
Figure IV - 3 The schematic the electronic structure of the Mn3+ and Mn4+ ions in 
Pr0.65Ca0.35Mh03 and possible optical charge transitions. 
Figure V - 1 The x-ray diffraction profiles (Cu-Ka) around [002] of Pro~5Cacr35Mn03 
(PCMO) thin film in addition to the [002] line from the SrTi03 [OO I] substrate 
at 290 K 
Flgure V - 2 The temperature dependence of the 
film. 
dR/dT of Pro 65Cao.35Mn03 (PCMO) thi  
Figure V - 3 Temperature dependence of the X-band ESR profiles for Pr0.65Ca0.35Mri03 
(PCMO) thin film without (Dark) and with the photon inj ection under Ho i c-
axis geometry. 
Figure VI - 1 The x-ray diffraction (Cu-Ka) profiles around [002] of La0.67Ca0.33Mn03 
(LCMO) and Pr0.65Ca0.35lvln03 (PCMO) thin films in addition to the [002] line 
from the SrTi03 [OOl] substrate at 290 K. The lengths ofthe c-axis were 3.884 
A and 3 . 843 A in LCMO and PCMO, respectively. 
Figure VI - 2 The ternperature dependence of d. c. resistivity of Pr0.65Ca0.35Mn03 (PCMO) 
and La0.67Ca0.33Mn03 (LCMO) thin film samples. PCMO films exlribit the 
semiconductive behavior with the activation energy of 48 meV. The LCMO 
film shows the insulator - metal transition at 260 K (Tc) together with a large 
Frgure VI - 3 Temperature dependence of the 
(LCMO) thin-films without the 
geometry. 
X-b and 
photon 
ESR profil s for La0.67Ca0.33Mn03 
njection (Dark) under H~ I c-axis 
Flgure VI - 4 The temperature dependence of the resonance magnetic field of the ESR 
spectrum (closed circles) in Prc.65Ca0.35Mh03 (PCMO) and La0,67Ca0,33Mn03 
(LCMO) thin films, The broken curves show the calculated values for (Ag)2 
which is defined as an order parameter under the Landau theory of the second-
order phase transition. 
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Electron Spin Resonance in Pr0.65Ca0.35Mn03 
Osami Yanagisawa,1 Mitsuru lz mi,1 Wei-Zhi Hu,1 Kenji Nakanishi,2 and Hideo Nojima 
The magnetic behavior of the distorted perovskite manganese, Pr0_65Cao 35Mn03 was studied 
by X-band electron spin resonance for powder sampies. We observed the onset of the charge-
ordered state at Tco~215 K, the antiferromagnetic transition with the peak of the ESR Iine-
width, AHp_p at TAF- 180 K and the canted antiferromagnetic transition at TcAF~ 125 K 
associated with the abrupt increase of both the effective magnetization and AHp_p. Below 
90 K, the absorption intensity profiJe becomes weakened with decreasing temperature suggest-
ing the existence of some kind of magnetic disorder below 90 K, which is responsible for a 
part of evidence of the existence of the spin-glass state as has been proposed by Yoshizawa 
et al., Phys. Rev. B 52, 1689 (1996). 
KEY WORDS: Magnetic materials; oxides; phase transitions; colossal magnetoresistance; electron para-
magnetic resonance; spin glass. 
1. INTRODUCTION 
The distorted perovskite manganese, Prl -*Ca* 
Mn03 has attracted much interest, since the large 
negative magnetoresistance so called colossal mag-
netoresistance (CMR) has been detected, where the 
electron spins on Mn3+ and Mn~ ionic sites play an 
important role [1-4]. Mn3+ ion in the hole nondoped 
compound PrMn03 and Mn~ ion in the hole doped 
compound CaMn03 have high spin 3d4 electron con-
figuration t~ge~ and low spin 3d3 electron configur-
ation t~g, respectively. Hund's rule makes all spins 
align with each other on the atomic site by a large 
intra-atomic exchange. The t2g orbitals (10calized spin 
S = 3/2) hybridize with 02p orbitals much more 
weakly than the eg orbitais. The eg orbitals have lobes 
directed to the counter oxygen atoms and hybridize 
strongly with 02g orbitals, Ieading to the creation of 
rather broad bands. The electronic conduction is 
achieved via hopping of an electron from Mn3+ to 
Mn4+ with the electron transfer energy t. This con-
ducts in the ferromagnetic (F) doubie exchange inter-
action between the localized spins, the core t2g orbital 
(S = 3/2) mediated by the hopplng eg orbital electron 
ILaboratory of App[[ed Physics, Tokyo Vniversity of Mercantile 
Marine, 2-1-6, Etchu-jima, Koto-ku, Tokyo 135-8533. Japan. 
2Functional Devices Research Laboratory. Sharp Corporation, 
273-1 Kashiwa, Kashiwa-shi, Chiba 277-0005. Japan. 
[5,6]. In these manganites, the electronic bandwidth 
is controlled as a function of transfer energy suffered 
by the lattice distortion. The smaller ionic radii of the 
(Pr, Ca) site ions form the smaller transfer integral 
which leads to the carrier localization in association 
with the formation of the charge ordered state (CO) 
rather than delocalization of the charge through the 
double-exchange mechanism [5,6]. 
Prl _*Ca*Mn03 remains insulating against dop-
ing carriers over the whoie temperature, which is 
semiconductor [3,4,7,8]. The charge-ordering appears 
at higher temperature than the magnetic transition 
temperature. It is worth noting that the CO state is 
stabilized over a wide range of concentration, around 
0.3 < ~ < 0.7 in the Prl _*Ca*Mn03 system [3,4,9,lO]. 
The charge-ordering phenomenon has been 
mostly observed when the concentration of charge 
carriers takes a rational value of the periodicity of the 
crystal lattice. The commensurability of the carrier 
concentration with a periodicity of the crystal lattice 
Is related to the stability of the CO state, because of 
the correlation strength among the charge carriers. 
The CO state is optimized at x = 0.5 (commensurate), 
a deviation of x from 0.5 (discommensurate) 
decreases the stability of the CO state. Around x = 
O.3, the system is on the phase boundary of the tran-
si ion from the CO nsulator (COI) to the ferromag-
netic metai (FM), so that the externai stimuil 
307 
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(magnetic field, photocarrier injectlon, etc.) may 
cause ,t.he transition from the COI to the FM phase 
with relative ease [3,4,1 l-13]. 
In Prl _*Ca*Mn03 (x = O.3), the MR is most pro-
nounced below 80 K. From the neutron diffraction 
study, the spin glass state is suggested by Yoshizawa 
et al. [3]-
In this paper, we study Prl-_.Ca..Mn03 (x = 
0.35) In which the averaged ionic valency Is 3.35 per 
Mn ion, Ieading to the occurrence of discommensur-
ation in CO phase with a specific interest in the com-
petition between CO and FM order under external 
stimulii. A magnetic behavior in Pr0.65Ca0-35Mn03 
was studied with focusing electron spin state of 
3d- t2g and/or 3d- eg on Mn3' and Mn4+ Ionic sites 
with the X-band electron spin resonance (ESR) Iead-
ing to the complemental evidence of the prescribed 
spin-glass state as a result of competing interaction 
between AF and FM states. 
2. EXPERIMENT 
The powder samples of Pr0.6sCao 3sMn03 were 
prepared by conventional ceramic technique [3]･ The 
X-ray analysis indicated that the sample was in single 
phase with symmetry is orthorhombic, the space 
group .Pbnm with lattice constants a = 5.428 A, b = 
5.455 A, and c = 7.663 A at 290 K. Below '_15 K, the 
superlattice refiections appeared as an evidence of the 
formation of the CO state [14,15]. 
The ESR measurement for the electron spins on 
Mn3+ and Mn4+ iorric sites in Pr0.65Ca0.35Mn03 was 
done using X-band spectrometer (JEOL-REIX) with 
lOO kHZ field modulation. The amount of the powder 
sample was 0.5mg. The sample was mounted in a 
liquid He continuous-fiow type cryostat and was 
cooled from 300 K down to lOK. The resonance 
absorption of the ESR measurement were observed 
as deviative signal curves, was fitted to a Lorentzian 
and the resultant curves were made. The ESR Iine-
width AHp _p, which one evaluate the spin-spin inter-
action through the spin-spin reiaxation time, were 
taken from the half-amplitude linewidth of integrate 
to these curves. The effective spin susceptibility x.rr 
was taken from successive integration of the obtained 
profile with references to both CuS04･5H20 whose spin susceptibility is known and Mn2+ Ions diluted 
with MgO. 
We measured the dc magnetization under the 
magnetic field 0.01 T by SQUlD susceptometer in the 
warrning run after field cooiing run (FC(W)), the 
cooling run after field cooling run (FC(C)) and the 
zero field cooling run (ZFC). In the zero fieid cooling 
Yanagisawa, Izumi, Hu Nakanishi, and Nojima 
un (ZFC), m asurements were perforTned after 
sample was cooled down to a prescribed temperature 
under zero field, then a field was raised to O.OI T. 
3. RESULTS AND DISCUSSION 
In Pro 65Ca0.35Mn03, the observed ESR profiles 
clearly show Lorentzian shape above 80 K. Figure 1 
shows the temperatur  dependence of the ESR Iine-
width AHp _p (e) and the effective spin susceptibility 
X=ff ( A ). The effective spin susceptibility x.ff increases 
up to Tco~ 215 K with decreasing temperature which 
shows the paramagnetic behavior, then decreases 
down t  TcAF~ 125 K which can be interpreted that 
the AF ordering starts to foun before the second-
ord r AF transition, and finally shows a spontaneous 
magnetization below TCAF ' which indicates the 
appearance of the ferromagnetic component [3] 
associated with the abrupt increase of AHp _p. There 
is a cusp structure near TAF-180 K which corre-
sponds to the AF transition. The ESR Iinewidth 
AHp _p decreases linearly with decreasing temperature 
leading to the paramagnetic character. Below 
Tco - 2 1 5 K, the l~Hp _p exhibits a peak arou;Id 1 80 K 
sug*'esting the fonnation of AF order, and finally 
TCAF T T AF CO 
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Fig. 1. Temperature dependence of the electron-spin resonance 
l[newidth AHp_p (e) and the effective spin susceptibility x=n' (A) 
for Pro.b5Ca(lisMnOj from 300 K down to 10 K. The PI, COI. AFl, 
and CAFI denote the paramagnctic insulator, charge-ordered insu-
lator, antiferromagnetic insulator, and canted antiferromagnetic 
insulatdr, respectively. Tco. TAF, and TCAP denote charge-ordering 
transition temperature, N~el temperature, canted antiferromag-
netic transition temperature, respectiveiy. 
Electron Spin Resonance in Pr0.65Ca0_35Mn03 
increases abrupcly beiow TcAF~ 125 K which shows 
that the ferromagnetic exchange interaction increases 
with decreasing temperature. We assign TAF as 
- 80 K from the existence of the peak in the ESR linewidth AHp_p as a function of temperature. TAF 
has been a difficulty to determine in the magnetiz-
ation measurement so far. The ferromagnetic 
moment was detennined to be ~F- I .9 d: 0.2uB/Mn 
at 5 K from the integrated intensity of the neutron 
diffraction profiles by Yoshizawa et al. [3]･ Yoshi-
zawa et al. [3] have also determined the AF moment 
to be kLAPl- 1.4:!:O.2kLB/Mn for Mn3+ ion site and 
~AFI < 0.5 u3/Mn for Mn4+ ion site, respectively. In 
our present study, the magnetic moment was calcu-
lated to be kLp -0.83 kLB/Mn as a part of the antiferro-
magnetic moment from the effective spin 
susceptibility x,ff. The obtained value is about a half 
of the sum of total AF moment. Besides, Shengelaya 
et al. [16] indicated that the Mn3+ (3d4 with S = 2) is 
unlikely to have an observable ESR due to the exist-
ence of a large zero-field splitting and spin-1attice 
relaxation. The detailed analysis and the precise 
characterization under the AF resonance scheme is 
open for the further study. 
Figures 2a and 2b exhibit the ESR profiles at the 
low temperature region between 105 K and 75 K. The 
solid lines show the observed ESR profiles. Fitting to 
a Lorentzian curve was made and the resultant curves 
are drawn with dotted lines. Below 90 K, there are 
remarkable changes in the observed ESR profiles 
which are away from the Lorentzian shape together 
with the decomposition of the unique resonance 
curves and the resonance field seems to shift to the 
lower magnetic field. It seems that there are at least 
two absorption lines these superpose with each other, 
which shows the existence of a couple of modes as 
the result of disorder in the antiferromagnetic order 
below 180 K. 
The dc magnetization under the magnetic field 
O.OI T in the warming run after field cooling run 
(FC(W)), the cooling run after field cooling run 
(FC(C)) and the warming run after zero field cooling 
(ZFC), respectively. A spontaneous magnetization 
appears below TcAF~ I 15 K:. As shown in Fig. 3, the 
irreversibie hysteresis between the FC(W) and ZFC 
grows remarkably TcAF~ l'_5 K with a decrease in 
temperature, especiaily below I 1 5 K. The present 
observation is a typical magnetlc behavior for a spin-
glass state as prescribed above [4]･ In Pr065Ca035 
MnOB, the concentration, x of Mn3+ ions does not 
retain a commensurate such as x = l/4, l/3, and 
i/2. The observed magnetic structure in the ortho-
rhombic ab piane is that of the commensurate value 
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Fig. 2. The electron spin resonance profiles for Pr0.6sCa0.3sMnOi 
at temperature range between 105 K and 88 K (a) and 85 K and 
75 K (b). The ESR profiles clearly show Lorentzian shape above 
80 K as exhibited in the Lorentzian curves fitted (dotted curves). 
x = l/2 structure as reported in an early study [9,10]. 
Thus, the fonr^ation of charge-ordering (CO) after 
CE-type configuration makes excess Mn3+ ions inter-
sperse randomly over Mn4+ ion sites. Then the onset 
of some kind of frustrated exchange interaction leads 
to the spin glass like behavior at the low temperature 
as detected by the present ESR profiles. 
4. CONCLUDING REMARKS 
Unusual magnetic behavior of the distorted per-
ov kite manganese, Pr065Ca035MnO] was studied by 
X-band ESR for powder samples. We observed the 
onset of the charge-ordered state at Tc..o~215 K, the 
SIO 
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Fig. 3. DC magnetization as a function of temperature in 
Pr0.65Ca0.35Mn03. FC(C), FC(W) and ZFC denote, which are the 
1lagnetization in the cooling run after fieid cooling run, the waml-
ng run after field cooling run, and the warrning run after zero 
~leld cooling, respectiveiy Measurements have been done under the 
~ragnetic field 0.01 T. In the zero field cooling (ZFC), measure-
'llents were perfonned after sample was cooled to a prescribed tem-
~erature under zero field. 
mtiferromagnetic transition with the peak of the 
ESR Iinewidth, AHp_p at TAP- 180 K and the canted 
mtiferromagnetic transition at TcAF~ 125 K associ-
rted with the abrupt increase of both the effective 
oaagnetization and AHp_p as a trace of the ferromag-
netic behavior. Below 90 K, the absorption intensity 
orofile becomes anomalously weakened with decreas-
ng temperature suggesting the existence of some kind 
Yanagisawa, Izumi, Hu, Nakanishi, and Nojima 
of magnetic dlsorder, which is responsible for a part 
of evidence of the existence of the spin-glass state as 
has been proposed by Yoshlzawa et al., Phys. Rev. B 
52, 1689 (1996). 
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Photo-Induced Effect of 
Charge-Ordered State in 
the Electron-Spin 
Pr0.65Ca0.35Mn03 
Resonance on the 
Osami Yanagisawa,1 Mit uru lzumi,1 Wei-Zhi Hu,1 Kenji Nakanishi,2 and Hideo Nojima 
Electron-spin resonance (ESR) for the charge-ordered state in well-characterized 
Pr0.65Cao 35Mn03 exhibited significant change of both the absorption profile and the effective 
spin susceptibility upon injection of laser light with photon energy of I , 1 7 eV provided by 
Nd-YAG Iaser. The increase of the effective spin susceptibility was clearly found out thanks 
to the injection of photons in the temperature range 90 K-80 K, which is below the transition 
temperature from the antiferromagnetic charge ordered state to the canted antiferromagnetic 
spin altemation state, TCAF ~ 1 25 K. The temperature dependence of the change of the ESR 
profile exciudes the possibility of heating by laser light. The present result suggests that a 
kind of photo-induced insulator-metal transition may occur due to propagation of the delo-
calized carriers via probable double exchange interaction in the charge-ordering collapsed 
state created by the injection of photons. 
Kl~Y WORDS: Magnetic materials; oxides; phase transitions; colossal magnetoresistance; electron para-
magnetic resonance; spin glass. 
1. INTRODUCTION 
The distorted perovskite manganese Rl-*A* 
Mn03 (R = trivalent rare earth element and A = 
divalent alkaline earth eiement), one can control the 
electronic property through the electronic bandwidth 
and the doping level [1]. The electronic bandwidth 
control is able as a function of the transfer enefgy 
from the lattice distortion. The amount of the 
divalent ions, x, controls the level of doping. Upon 
partial substitution of R (trivalent ion) with A 
(djvalent ion), a corresponding fraction x of Mn3+ is 
fomlally replaced with Mn4+ [l]. In some of these 
manganites magnetic field can drive the insulator-
metal (1-M) transitions where the re~istance and 
magnetization change dramatically, ari effect tenned 
colossal magnetoresistance (CMR) [2-5]. The 
amount of the divalent ions, x, control the level of 
doping. 
The Rl _*A*Mn03 system is characterized by a 
strong competition between two different ground 
'Laboratory of Applied Physics. Tokyo University of Mercantile 
Marine, 2-i-6. Etchu~ima. Koto-ku, Tokyo 135-8533, Japan. 
=Functlonal Devices Research Laboratory, Sharp Corporation, 
273-1 Kashiwa, Kashiwa-shi. Chiba 277, Japan. 
states: a charge-ordered (CO) insulating state, where 
the electric charges are localized and tend to order 
onto separate crystallographic sublattic~s, and a 
charge-delocalized (CD) state, with metallicity in dc 
conductivity. The magnetic and structural properties 
of these two states are quite different: the CO state is 
characterized as an antiferromagnetic (AF) arrange-
ment of spins on Mn-ion sites, and. the sublattice 
retains a cooperative Jahn-Teiler (JT) distortion, 
thereby causing a fruitful combination of charge, 
orbital, and magnetic ordering. On the other hand, 
the CD state is ih fe~romagnetic (FM) spin arrange-
ment, and displays relatively small JT distortions 
[6,7]. Th  ferromagnetic (F) properties themselves 
have been clarifi d in the context of the doubie-
exchange interaction, originally proposed by Zener 
~8] a d Goodenough [9,10]. 
The switching of dc resistivity between CO and 
CD states in the manganites can be achieved not only 
by a magnetic field, but also by an applied electric 
field. For the Prl_*Ca*Mn03, an electrical current 
implied by a static electric field triggers the antiferro-
m gnetic insulator (AFI)-ierromagnetic metal (FM) 
transition at the low ' emperature [ll]. In the 
311 
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Prl _*Ca*lvin03 system, AFI-FM transition can be 
also driven by lllumination with X-rays at the iow 
cemperature ( < 40 K ) [ 1 2]. This transition is 
accompanied by significant change in the lattice 
structure and can be reversed by thermal cycling. No 
change is observed when the X-ray beam is switched 
off. 
In the present communication, we report photo-
induced change of the effective spin susceptibility 
observed in X-band electron spin resonance (ESR) in 
PrG 6sCao 3sMn03 powder samples characterized well 
by X-ray diffraction. The photo-induced effect is 
clearly caused by the injection of photons with laser 
light with energy of I . 17 eV. The results under opti-
mal photo-excitations at various temperatures 
exclude the laser heating as the origin of the above 
effect. The observed photo-induced effects appears 
remarkably around 80 K-90 K, which is character-
istic temperature range below TCAP [13,14]. The ori-
gin of the preseht photo-induced effect is attributed 
to be the formation of short-range FM states due to 
the breaking of AF ordering, which is possibly trig-
gered by the collapse of CO states induced by injec-
tion of photons. 
2. EXPERIMENTS 
The powder samples of Pr0.6sCa0.35Mn03 were 
prepared by calcining the mixture of prescribed 
amount of manganese and calcium carbonates and 
praseodymium oxide in the air at 1400'C using the 
usual ceramic technique. The powder samples were 
used for all measurement here. 
Prior to the ESR study, we carried out the pow-
der X-ray diffraction measurement to verify the exist-
ence of single Pro 65Ca0.35Mn03 phase and to get the 
lattice constants as a function of temperature from 
300 K to 10 K. The powder samples were attached to 
quartz sample holder. Data were coilected using a X-
ray powder diffractometer (MXPI 8, Mac Science Co. 
Ltd.) with Cu K* radiation equipped with a rotating 
anode generator operated at 40 kV and 200 mA 2e-e 
step scan mode was used with step width Ae = O.Ol'-
0.02', accumulation time l0-100sec/step, and scan 
range 1 5'-lOO" in 2e. The calculation of the observed 
structure factor together with both profile fitting pro-
cess and the refinement of crystal structure from the 
powder diffraction data was performed by Rietveld 
method with a program RIETAN [15]. Figure l 
shows the powder X-ray diffraction profile at 290 K 
together with and the result of the profile fit by Riet-
veld analysis with solld lines. The X-ray powder 
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Fig. 1. Powder X-ray diffraction profiles with + mark and the Riet-
veld fitting resuit with solid lines for Pr0.6sCao.]sMn03 at 290 K. 
analysis indicated that the present powder sample 
was in single phase with the distorted perovskite 
structure and symmetry is orthorhombic with the 
space group Pbnm with lattice constants a = 5.428 A, 
b = 5.455A, and c = 7.663 A, respectively, at 290 K 
[13,16]. 
The ESR measurement for the electron spin on 
Mn3+ and Mn4~ ionic sites in Pr0-65Ca0.3sMn03 was 
done using a 100 kHZ field modulated spectrometer 
operated at 9.0 GHz. The amount of the sample was 
O.5 mg. The sample was mounted in a liq. He continu-
ous-flow type cryostat and was cooled from 300 K 
to 10 K. The sample temperature was monitored by 
thermometer located ear sample and was controlled 
by varying the flow rat of liq. He. To obtain dc mag-
netization giving us a complemental informatio~n we 
measured under the magnetic field 0.01 T by SQUlD 
susceptometer. 
3. RESULTS AND DISCUSSION 
Figur  2 shows the powder X-ray diffraction 
profiles of Pr0.65C 0.35Mn03 at 296 K, 190 K, 100 K, 
and 50 K. It is clear that some additional diffraction 
peaks appear at 190 K which is below Tco~215 K. 
The integrated intensities of the peaks assigned as 
Bragg refiections based on the unit cell parameters at 
296 K are almost the same between above and below 
Tco~215 K. Acc rding to the indices as shown in 
Fig. 3, th  newly appeared peaks are assigned suc-
cessfully as a superla tice reflection with the unit cell 
parameters at 296 K. In Fig. 2, a superlattice struc-
ture, a x 2b x c relative to the unit cell at 296 K has 
been con rmed below 200 K, which conducts a 
further complemental evidence for the CO state 
associated with the alternation of Mn3+ and Mn4+ 
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pro iles f r
representative 
ions [,_,4]. The detailed temperature dependence of 
these superlattice refiections will be reported else-
where [16]. The observed superlattice reflection lines 
remain down to 50 K via TAF and TcA, which con-
firms that the CO state is retained without extemal 
stimuiation such as electric, magnetic field etc. 
To investigate a photo-induced effect, a He-Ne 
* ~/ laser and Nd-YAG CW Iaser were employed for '* 
an optical excitation. The phonon energy was I . 17 eV 
(wavelength ~ = 10640 A) for the Nd-YAG Iaser. The 
laser power was adjusted with an optical slit which 
were 5 mW, 50 mW, and 175 mW which is equivalent 
to the injection of 9 x 1017photons/sec. The laser 
light was introduced into the sample situated in a cav-
ity resonator through a double shielded quartz tube 
belonging to the continuous flow He cryostat. The 
laser spot size was about I mm2. The penetration 
depth of the laser light is estimated to be about 
0.2mm for the present sample. The ESR measure-
ment was done under the sequence in which we meas-
ure the ESR profile without optical excitation, then 
the profile under excitation with the Nd-YAG Iaser 
and finally without optical excitation again in turn to 
check if any kinds of damage to the sample occur. 
Figure 3a shows the ESR profiles under dark, 
without [njection of photons, for the Pr0.65Ca0.35 
Mn03 as thin solid lines. In Pr[-_*Ca*Mn03, the 
phase diagram has been determined by the measure-
ments of resistivity, magnetization, and neutron dif-
fraction [1,3]. For the sample with x = 0.35, it is the 
insulator without an external magnetic field at whole 
temperature range and it shows the paramagnetic 
behavior at room temperature (PI), then turns into 
the COI with the iattice distortion at Tco~215 K. 
successively into the pseudo CE-type AFI around 
180 K with the ~ntiferromagnetic component where 
the fer omagnetic double-exchange interaction is 
que ched by a CO effect, and eventually into the 
canted an iferromagnetic state (CAFI) TcA~115 K. 
In assoc ation with the above successive phase tran-
sitions, the ESR profiles retain Lorentzian curvature 
down to around 100 K which is below TcA･ The dc 
magn tization exhibits paramagnetic behavior down 
to CO transition and continues to increase via AFI 
and CAFI pha es down to around 100 K. It is noted 
that an abrupt ncrease of the magnetization occurs 
below TCA associated with the spontaneous magnetiz-
ation due o canted spins at both Mn3+ a~nd Mn4+ 
sites. Below 100 K, the ESR profiles become broad-
ened as shown in Fig. 3b with some kind of dis-
sociation of tot l magnetic moments, which is in 
accord nce with the behavior of dc magnetization in 
the warming run fter zero-field cooling [13]. The 
xact mec anism of disappearance of the ESR signal 
is not clear. Further investigation is necessary for 
clarity on this point. The dc magnetization exhibits a 
spin-glass behavior which has also been signaled from 
the magnetic neutron scattering study by Yoshizawa 
et al. [2]. Both in Figs. Ia and b, the thick solid lines 
show the representative resonance profiles measured 
u der photon injection by Nd-YAG Iaser (hu = 
1.17 eV) at some temperatures. It is clear that the res-
onance intensity i it ate to depend on the injection of 
photons below Tco~215 K with decreasing tempera-
ture. Remarkably, the effect bf irradiation on the res-
onance profile becomes predominant below 100 K 
which is close to the suspected onset temperature of 
pin-glass state beiow TcA~ I 15 K [2, i3]. 
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Fig. 3. (a) and (b): ESR profiles for Pr0.6sCa0.35Mn03 without 
optical excitation (dark: thin solid curves) and with opticai exci-
tation by Nd-YAG Iaser (1. 17 eV thick solid curves). In the phase 
diagrant of Pr0.6sCao.J5Mn03 without extemal stimulation, the 
paramagnetic state (P) at 297 K, the char~e-ordered state (CO) at 
215 K, antiferromagnetic state (AF) at 180 K, the canting antifer-
romagnetic state (CAF) below 125 K. The existence of spin giass 
state below 100 K has been proposed by Yoshizawa et a!. [1]. 
One might suspect that this transition is simply 
driven by the laser heating. The evidence against the 
laser heating is provided by the temperature depen-
dence of ESR profiles. The ESR profiles with the 
optical excitation show different behavior expected 
from temperature increase as shown in profiles in the 
Yanagisawa. Izumi, Hu. Nakanishi, and Nojima 
temperature range 90 K-80 K and 50 K~0 K. Also 
there is no difference among those profiles at lowest 
temperature where it is expected to be sensitive to this 
kind of heating. This transition was reproducible, not 
pel~lanent, and also not due to any damage to the 
sample by laser irradiation. In fact, the ESR profile 
after the postmeasurement with the optical excitation 
shows almost identical with that obtained prior to the 
measurement under optical excitation. 
As shown in Figs. 3a and b, in the temperature 
range of 100 K-80 K, the obtained photo-induced 
effect indicates that the effective spin susceptibility 
Increases thanks to the injection of photons with 
l. 17 eV. In contrast, the ESR profiles at 50 K exhibits 
that the effective spin susceptibility decreases under 
laser irradiation with good reproducibility. It is 
remarked that no significant difference was observed 
at 70 K, 60 K, and below 30 K. 
The essential physics of the CMR materials 
Rl_*A*Mn03 system is the interplay between a 
strong electron-phonon coupling leading to CO state 
associating with antiferromagnetic spin arrangement 
and the "double exchange" effect of ferromagnetic 
spin alignment on electron kinetic energy, which 
eventually conducts to metallic state. Therefore, sim-
ple interpretation of the above photo-induced effect 
is due to the increase of the spin susceptibility 
together with the dissociation of ~ntiferromagnetic 
AF state based on CO state to ferromagnetic (F) 
state. The present interpretation indicates that the 
photo-induced I-M transition, equivalent collapse of 
CO state, may occur under excitation by laser light 
with optimal energy. 
To realize the above transition, we speculate that 
the existence of the prescribed spin-glass state [15] 
make it easy to lead the onset of I-M (AF-F) tran-
sition thanks to the short-range ordered canted anti-
ferromagnetic state. Such transition induces the 
enhancement of metallicity associated with so-called 
double exchange interaction. It proves the photo-
induced increase of the ffective spin susceptibility as 
shown in Fig. 2 (80 K), which confirms the increase 
of the number of ferromagnetic spin. 
The spin-glass state postulated by Yoshizawa et-
al. [2] may play an important role to realize photo-
induced transition at 80 K. The composition of 
Pr065Ca035Mn03 is not responsibie for commensur-
ate CO as in Pr05Ca05Mn03. In case of Pr0.5Ca05 
M:n03, the commensurate CO order wlth regular 
charge alt rnation in long range as -Mn3+-Mn+ 
M:n3t-. For Pr065Ca035Mn03, as far as we consider 
trivale t (high p ) and tetravalent ionic (10w spin) 
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Fig. 4. ESR profiles for Pr(~65Cae.3sMn03 at 80 K and 50 K under 
different excitation power with photon energy 1.16 eV. It is worth 
noting that the laser power has been measured In front of the injec-
tion window of the resonance cavity of ESR alignment. Therefore. 
the {njected [aser light releases photon density by d{ffuse scatterirrg 
due to double shielded quartz tubes of liq. He cryosystem inside 
the cavity. 
states, some kind of discommensuration should 
appear. In this case, the commensurability conducts 
to random distribution of AF and F exchange inter-
actions which eventually forms spin-glass state. Such 
state can be reorgani~~d by laser excitation with opti-
mal photon energy. At 50 K, it is notable that the 
incident photons eventually decreases the effective 
spin susceptibility with enough reproducibility. Pre-
cise mechanism is an open question for further inves-
tigation. The above results are reversible for 
repetition of the measurement under [aser radiation 
and under dark conditions. 
Figure 4 exhibits the incident laser power depen-
dence. of the ESR profiles for Pr0,65Ca0.35Mn03 at 
80 K and 50 K. Those ESR profiles show different 
laser power dependence at 80 K and 50 K. At 80 K, 
there is obvious change in ESR profiles and the effec-
tive spin susceptibility increases with increasing laser 
power. It is noted that the described value of the laser 
power does not mean the exact value injected to the 
samples due to the double shielded He flow guide 
made from quartz glass as mentioned above. At 50 K, 
there is a few changes as a function of incident laser 
power in ESR profiles. This result sho~vs that it is 
rather difficult to achieve the change of spin arrange-
ment by laser radiatlon. 
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4. SUMMARY 
In summary, ESR was studied on the charge-
ordered state in Pr065Ca035Mn03 for the electron 
spin states of 3d - t2g (S = 2) and 3d - eg (S = 3/2) on 
Mn3+ and Mn4+ ions by injection of laser light with 
photon energy of I . 1 7 eV provided by Nd-YAG Iaser. 
A prominent increase of the effective spin suscepti-
bility was clearly found out associated with the injec-
tion of photons with Its energy l.17eV in the 
temperature range 90 K-80 K which are below the 
transition temperature from the antiferromagnetic 
charge ordered state to the canted antiferromagnetic 
spin alternation state, TcAF~ 125 K. This result is sus-
pected to be a kind of insulator-metal transition due 
to propagation of the delocalized carriers thanking 
to double exchange interaction in the photo-induced 
charge-ordering collapsed state. 
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PHOTO－INDUCED　EFFECT　ON　THE　CHARGE－ORDERED　STATE
WITH　CANTED　ANTIFERROMAGNETIC　SPIN　ORDER　IN
Pr　Ca　MnO　O．65　 　　0．35　 　　　　　3
OSAMIYANAGISAWA，MITSURU・IZUMI，WEI－ZHIHU，KAI－HUAHUANG
乙φorα！oリノげAρμ∫84Phy5∫cs，T∂えyo　Uπivεr5∫砂げ〃8καnだ1εル‘αr加6，
2－1－6，Eκh砕ゾご燐α，K’oごo。たκ，Toえyo135－8533，1APA配
KENJI　NAKANISHI，H正）EO　NOJ工MA
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Abstract
Electron－spin　resonance（ESR）and　powder　X－ray　diffraction　were　studied　for　the　charge－
ordere（i（CO）state　in　we11－characterized　Prα65Caα35レInO3（Space　group：」P加ηz　at296K）。
Upon　inject三〇n　of　near　infrared　cw－YAG　laser　light　with　the　photon　energy　of　L17eV，
the　remarkable　change　of　the　spin－resonance　profile　and　the　prominent　decrease　of　the．
intensity　of　superlattice　reflections　coming　f『om　the　charge－orderd　stale　were　observed
below　the　transition　temperature　from　the　antiferromagnetic　CO　state　to　the　canted
andferromagnetlc　spin　altemation　ground　state，TcAF周125K．The　present　result　is　ffom
neither　heating　by　laser　irradlation　nor　phase　segregation　due　to　X－ray　iπadiation，and
even血alIy　provides　a　s血cUlral　evidence　of　coIlapse　the　CO　state　by　photon三njection．
We　suspect　that　the　photo－induced　insulator－meta1甑nsition　occursωgether　with
collapseoftheCOstate．
1．Introduction
The　distorted　perovskite　manganese，e，g．，PrI．、CaxMnO3has　recendy　attracted　much
attention　by　virtue　ofa　magnetic　field　driven　insulator－meta1（1。M）transitions，an　ef飴ct
temled　colossal　magnetoresistance（CMR）【1－51。The　ground　state　is　characterized　by　a
competing　interaction　between£wo　different　ground　sεates：a　charge－delocalize（i（CD）
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metallic state with ferromagnetic (F) spin arrangement under relatlvely small Jahn-Teller 
(JT) distortions [6-8] and the other [s a charge-ordered (CO) insulating state. 
In CD state. the ferromagnetic (F) metal itself has been clarified in the double-
exchange interactlon scheme originally proposed by Zener [8]. On the other hand, the 
CO state is characterized as both superlattice structure and an antiferromagnetic (AF) 
spln arrangement on Mn ions, and the Mn3' sublattice retains a cooperative JT 
distortion. The CO state is optimized at x = 0.5 (commensurate), a deviation of x 
from 0.5 (discommensuration) decreases the stability of the CO state. Around x = 0.3, 
the system is on the phase boundary of the transition from the CO Insulator to the FM 
phase, indicating that the external stimulation cause the transition from the CO to the 
FM phase with relative ease [l][2][3-5]. 
In Pr0.7Cao.3Mn03 system, the collapse of the CO state by magnetic field, which Is 
the transition from AF-CO phase to F-CD phase, was found [l]. An electric current 
also triggers this type of transition [4]. In Pro.7Ca0.3Mn03, the AF-CO to F-CD 
transition as a phase-segregation can be driven by SOR-X-ray exposure below 40 K 
[5,7]. The transition is together with a break of the superlattie which was forrned in the 
CO state and reversible by thermal cycle, but neither change nor revival of the 
superlattice reflection intensity is observed when the SOR-X-ray beam is switched off 
after the suppression of the superlattice [5]. Miyano et al [3] have stated the trace of the 
co]lapse of the CO state by observation of photocurrent under the coexistence of the 
applied electric field and pulse laser irradiation with I .2 eV in the photon energy range 
0.6 to 3.5 eV. Thus, there is no X-ray diffraction study of the co]lapse of the CO state 
under laser irradiation, if it exists. 
In the present communication, we report photo-induced increase of effective spin 
susceptibility observed in X-band electron spin resonance (ESR) and study a photo-
Induced effect on the powder X-ray diffraction (PXD) in Pro.65Ca0,35Mn03. 
2. Results and Discussion 
The powder samples of Pr0.65Ca0.35Mn03 were carefully prepared by calcining the mixture 
of prescribed amount of manganese and calcium carbonates and praseodymium oxide in 
the air at 1400 'C using the usual ceramic technique [8]. 
Prior the ESR study, we carried out the powder X-ray diffraction measurement to 
verify the existence of single Pr0.65Ca0.35Mn03 phase using a X-ray powder 
diffractometer ( MXP18, Mac Science Co. Ltd.) with CuK~ radiation (~ = I .5418 A). 
The refinement of the crystal parameters by profile frtting indicated that the sample is in 
single phase with space group Pbnm with lattice constants a = 5.428 A, b = 5.455 A 
and c = 7.663 A at 290 K [6]. The ESR measurement for the electron spin on Mn 
ionic sites in Pr0.65Cao.35MnO. 3 was done using a 100 kHZ field modulated spectrometer 
operated around 9 GHz. The amount of the sample was 0.5 mg. 
To investigate a photo-induced effect, a CW-YAG Iaser was employed for a optical 
excitation. The photon energy was unique and l. 17 eV (~ = 10640 A) which is in near-
infrared region. The maximum laser power was monitored to be 175 mW (9xl017 
photons/sec). It is noted that the value of the laser power does not indicate the precise 
vaiue injected into the samples due to the existence of the window shield. The PXD and 
ESR were carried out under the sequence in which we measure the profile without the 
laser irradiation (dark), subsequently the profile with the optical excitation and finally 
without the laser irradiation again in turn to check if any kinds of lrreversible damage to 
the sample occur. 
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Figure 1. ESR profiles for Pr0.65Ca0.35Mn03 without optical excitation (Dark: thin solid curves) and 
with optical excitation by CW-YAG Iaser (thick solid curves). In the phase diagram of Pr0.65Ca0.35Mn03 
without external stimulation, the paramagnetic state (P) at 297 K, the charge-ordered state (CO) at 215 K, 
antiferromagnetic state (AF) at 180K, the canting antiferromagnetic state (CAF) below 125 K. The 
existence of spin glass state below 100 K has been proposed by Yoshizawa et al [1]. 
The phase diagram of Pr0.75Ca0.35Mn03 has been determined by the measurements of 
resistivity, magnetizatlon and neutron diffractlon (see Fig, l) [6]. Figure I shows the 
ESR profiles under dark, without injection of photons, for the Pro.65Ca0.35Mn03 as thin 
solid lines. Below 100 K, the ESR proflles become broadened. The exact mechanism of 
broadening of the ESR signal is not clear but possibly related to a spin-glass behavior 
which has also been signaled from the magnetic neutron scattering study by Yoshizawa 
et al [l]. In Fig. I , the thick solid llnes show the representative resonance profiles 
measured under CW-YAG Iaser irradiation. Remarkably, the effect of irradiation on the 
resonance profile becomes predominant below 100 K which is close to the suspected 
ohset temperature of spin-glass state below TCAF ~ 125 K [2]. One might suppose that 
this Is simply driven by the laser heating. The evidence against the laser heating is 
provided by the temperature dependence of ESR profiles. The ESR proflles with the 
optical excitation show different behaviour expected from temperature increase as shown 
in profiles in the temperature range 90 K - 80 K and 70 K - 60 K. This transition was 
reproducible, not permanent and also not due to any damage to the sample by laser 
irradiation. In fact, the ESR profile after the post-measurement with the optical 
excitation shows almost identical with that obtained prior the measurement under 
opticai excitation. 
As shown in Fig. 1, in the temperature range of 100 K - 80 K, the obtained photo-
induced effect indicates that the narrowing of the resonance profile occurs thanks to the 
injection of photons with 1.17 eV. It is remarked that no significant differenc~ was 
observed at both 70 K and 60 K. 
The photo-induced effect for the superlattice reflections was studied under the photon 
injection by CW-YAG Iaser irradiation. Figures 2(a) and 2(b) show the PXD profiles of 
superlattice reflections from (2, I .5, O) and (2, 0.5, 2) together with fundamental Bragg 
reflection from (1, 1, 3) at 30 K and at 40 K, respectively. These reflections were 
selected for clarity to compare the Bragg reflection intensities with superlattice 
reflection ones. They exhibit the stable diffraction under the X-ray irradiation to measure 
the diffraction profiles. As shown in Fig. 2, in contrast to the Bragg reflections, a 
prominent suppression of the superlattice reflection intensities was found out under the 
YAG Iaser irradiation. One might suspect that this transition is simply driven by the 
laser heating. In any case, if the incident light provides the increase of temperature one 
should observe the change of the lattice spacing. There is no remarkable shift of the 
Bragg reflection ang'le for (1, I , 3) reflection (less than 0.04 % of the length of lattice 
spacing as estimated from the Bragg reflection angles with and without laser irradiation) 
for (1 , I , 3) reflection. 
The observed suppression of the superlattice reflection evidently indicates that near-
infrared laser irradiation with proper photon energy -1 .2 eV induces the collapse of CO 
state with ease, which would be together with probable the AF-CO to F-CD transition. 
The present observation is not far from the previously reported I-M transition triggered 
by photocarrier generation by Miyano et al [3]･ Without structural evidence, they have 
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Figure 2. Powder X-ray diffraction profiles at 30 K(a) and 40 K(b) from (2, 1.5, O). 
(2 ,0.5, 2) and (1, 1, 3) reflections with (broken curve) and without (solid curve) CW-YAG Iaser irradiation 
(hu - 1.17 eV). 
stated the trace of the collapse of the CO state by observation of photocurrent under the 
coexistence of the applied electric field and pulse laser irradiation with I .2 eV. First we 
discuss the reason why we detect the collapse of CO state for photon energy - I .2 eV. 
This energy value is characteristic in the optical spectra in these manganites. It has been 
assigned as a charge-transfer excitation energy of an eiectron from the iower JT split eg 
of Mn3' to the eg of adjacent Mn~~ jon, wh[ch exhibits the promotion of the dipole active 
photo[onization of the JT small polaron [20]. Our present result suggests that the 
simple near-infrared laser irradlation with the characteristic photon energy -1.2 eV 
enhances some kind of vibronic state and eventually releases the coo~erative JT 
dlstortion associated with CO state. 
Finally, we stress that the present observatlon of the collapse of the CO state with 
relative ease is strongly related to the discommensuration for the charge and spin 
ordering in CO state for 0.3 ~ x ~ 0.75. The deviation of x from 0.5 plays an important 
role for a melting of the CO state with relative ease at the low ternperature side. The 
CAF state is reiated with the invasion of the metallic phase based on the collapse of the 
CO state with near-infrared laser irradiation. 
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Abstract 
Powder X-ray diffraction was studied in respect of the photo-induced effect on the charge-ordered (CO) structure of 
Pr0.65Ca0.3 5Mn03 (Space group: Pbnm at 296 K). Below ?_15 K, the superlattice reflection peaks appear associating with 
the formation of the CO state with the a x '_b x c cell and the present CO structure is maintained down to at least 10 K. 
A CW-YAG Iaser light (hv = 1.17 eV) irradiation conducts to the prominent decrease of the intensity of superlattice 
reflections. The present result is from neither the heating by laser irradiation nor phase segregation due to X-ray 
irradiation and eventually provides a structural evidence of collapse of the CO state by photon injection and allows to 
suspect that the photo-induced insulator-metal transition occurs together with the collapse of the CO state. C 1999 
Elsevier Science B.V. A11 rights reserved. 
PACS, 75.25. + z; 75.50. - y; 75 30Et 75 30KZ 
Kepwords.' Magnetic materials; Oxides; Phase transitions; Colossal magnetoresistance; Powder X-ray diffraction; Photo-induced effect 
1. Introduction 
The distorted perovskite manganese, RL_*A* 
Mn03 : R is trivalent rare earth element and A is 
divalent alkaline earth element have recently at-
tracted much attention by virtue o~ their unusual 
magnetic and electric properties [1-7]. For 
example, some of these manganese exhibit a mag-
netic field driven insulator-metal (1-M) transitions 
*Corresponding atuhor. Tel.: + 81-3-5245-7462; fax: + 81-
3-5245-7462. 
E-mail address.' izumi@ipc,tosho-u.ac.jp (M. izumi) 
where the conductivity and magnetization change 
dramatically, an effect termed colossal magneto-
resist nce (CM ) [1-4]. The I-M transitions in the 
m nganese can be achieved not only by a magnetic 
field, but also by other external field and/or stimu-
la ion. 
The ground state of the Rl _*A*Mn03 system is 
charact rized by a competing interaction between 
the two different ground states: a charge-de-
10calized (CD) state is in ferromagnetic (F) spin 
arrangement with metalicity, and exhibits relatively 
small Jahn-Teller (JT) distortions [8,9] and the 
other is a charge-ordered (CO) insulating state. In 
CD state, the ferromagnetic (F) metal Itself has been 
0921-4526/99/S-see front matter C 1999 Elsevier Science B.V. 
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clarified in the double-exchange interaction scheme 
originally proposed by Zener [lO] and further de-
velopments are under way [11,12], in which the 
doped holes at eg orbltal in Mn~+ site exhibit 
a kind of hopping conduction associated with the 
aligned spins for both Mn4+ and Mn3+ sites. On 
the other hand, the CO state is characterized as an 
antiferromagnetic (AF) spin arrangement on Mn 
ions, and the Mh3 + sublattice retains a cooperative 
JT distortion, thereby giving rise to a combination 
of charge, orbital, and magnetic ordering. Upon 
heating, both the CO and the CD states transform 
into a charge-localized paramagnetic insulator (PI) 
phase, characterized by semiconducting properties. 
The switching in DC resistivity between CO and 
CD states, I-M transition, can be achieved not only 
by a magnetic field, but also by other external field 
and/or stimulation. 
The CO state occurs as observed in Lal_*Ca* 
Mn03 (x = ~) [13], prl_*Sr.Mn03 (x = ~) [2], 
Nd I _ *Sr*Mn03 (x = ~) [14], and also in 
Prl - *Ca*Mn03 (x = ~) [1,2,8-16]. The charge car-
riers localize on the Mn ion site and form real-space 
alternation of I : I Mn3~/Mn4~ species, the so-
called "charge crystal" associated with the doubling 
of the unit cell in unique crystallographic direction. 
The charge-ordering appears at higher temperature 
than the magnetic transition temperature. The CO 
state is stabilized over a wide range of concentra-
tion, around 0.3 < x < 0.7 in the Pri_*Ca*Mn03 
system [1,2,8]. 
The CO state has been mostly observed when the 
concentration of charge carriers takes a rational 
value of the periodicity of the crystal lattice. The 
commensurability of the carrier concentration with 
a periodicity of the crystal lattice is related to the 
stability of the CO state. The CO state is optimized 
at x = 0.5 (commensurate), a deviation of x from 
0.5 (ciscommensuration) decreases. the stability of 
the CO state. Around x = O.3, the system is on the 
phase boundary of the transition from the CO 
insulator to the FM phase, so that the external 
stimulation cause the transition from the CO to the 
FM phase with reiative ease [1,2,5-7]. 
For the Prl_*Ca*Mn03 system, the collapse of 
the CO state by magnetic fleld, which is the tran-
sition from antiferromagnetic charge-ordered (AF-
CO) state to ferromagnetic charge-delocalized 
(F-CD), was found together with the structural 
evidence at the low temperature [1]. An electric 
current (and by mplication of a static electric field) 
also triggers this type of transition at the low tem-
perature [6]. In the Pr0.7Ca0.3Mn03 system, the 
AF-CO to F-CD ransition as a phase-se_'_regation 
can be driven by SOR-X-ray exposure below 40 K 
[7,9]. This transition is accompanied by a signifi-
cant change in the lattice structure and can be 
reversed by the thermal cycle, but neither change 
nor revival of the su erlattice reflection intensity is 
observed when the X- ay beam is switched off after 
the suppre sion of the superlattice with SOR-X-ray 
exposure. The SOR-X-ray-induced conductivity is 
annealed out on heating above 60 K [7]. Miyano et 
al. [5] ave stated the trace of the collapse of the 
CO s ate by the observation of a photocurrent 
under the coexistence of the applied electric field 
and pulse laser irradiation with 1.2 eV in the 
photon energy range 0.6-3.5 eV. Thus, there is no 
X-ray diffraction study of the collapse of the CO 
state und r l ser ir adiation to our knowledge. 
In the present communication, we study a photo-
i duced effect on the powder X-ray diffraction 
(PXD) of Prl-*Ca*M 03 (x = 0.35) in which the 
CO state is supposed to be easily suppressed by the 
exterhal stimulation at the low temperatures [1]. 
We report that the superlattice reflections, which 
are from the CO structure associated with the alter-
nation of Mn3 + and Mn4+ ions and not suppressed 
by only X-ray irradiated for the diffraQtion study, 
are suppressed und r CW-YAG Iaser irradiation 
w th a photon energy 1.17 eV, Ieading to the struc-
tural evidence of the collapse of the CO state by 
n ar-i frared laser irradiation which are lower-en-
er~,c'y photons rather than SOR-X-rays. 
2. Experiment 
The powder samples of Pr0.65Ca0.35Mn03 were 
carefully pr pared by calcining the mixture of a pre-
scribed amount of manganese and calcium carbon-
ates and praseodymium oxide in the air at 1400'C 
using the usual ceramic technique. 
In the PXD measurement, powder samples were 
attached to a copper sample holder which was 
mounted on a liq. H  closed-cycle-type cryostat. 
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The sample temperature was monitored by a ther-
mometer located next to the sample and was con-
trolled within ~: 0.1 K. Data were collected using 
MXP18 powder d.iffractometer with Cu K. radi-
ation (1 = 1.5418 A) equipped with a rotating an-
ode generator operated at 40 kV and 200 mA. The 
2e-e step scan was used with step width ~e = 
0.01-0.02', accumulation time 10-100 s/step. The 
calculation of the observed structure factor to-
gethe~ with both profile fitting process and the 
refinement of crystal structure based on the PXD 
data was performed by Rietveld method with a pro-
gram RIETAN [17]. 
To investigate a photo-induced effect, a CW-YAG 
laser was employed for an optical excitation. The 
photon. energy was unique and 1.17eV (~ = 
10640 A) which is near infrared region. Due to the 
difficulty to equalize the incident photon number 
for each, we did not apply other photon energy for 
comparison .such as photon energy dependence of 
X-ray diffraction profile. The maximum laser 
power was monitored to be 175mW (9 x 1017 
photons/s). The laser light was introduced into the 
sample situated in the He cryostat through the 
window shielded with the Kapton film: It is npted 
t^hat the described value ef fk -'* +-+-~ 1*.* 
power does not indicate the precise value injected 
into the samples due to the existence of the window 
shielded with the Kapton film as mentioned above. 
The PXD was carried out under the sequence in 
which we measure the PXD profile without the 
laser irradiation (dark), subsequently the profile 
with the optical excitation and finally without the 
laser irradiation again in turn to check if any kinds 
of damage to the sample occur. 
3. Results and discussion 
The X-ray powder analysis indic~Lted that the 
sample was in single phase with the distorted 
perovskite structure and the symmetry is ortho-
rhombic with the sp,ace group Pbnm with lattice 
constants a = 5.428 A, b = 5.455 A and c = 7.663 A, 
respectively, at 290 K. The lattice constants were 
measured down to 10K. A detailed discussion 
based on the refined structural and atomic para-
meters will be reported elsewhere [18]. 
The phase di gram of Prl -*Ca*Mn03 has been 
determined by the measurements of resistivity, 
magnetization and neutron diffraction [3,4,8]. In 
he present sample with x = 0.35, It is the insulator 
without n external magnetic field at whole temper-
ature range and it is PI at room temperature, then 
turns into the COI with the lattice distortion at 
Tco ~ ?-15 K, successively into the pseudo-CE-type 
AFI wi h the antiferromagnetic component where 
he fer magnetic double-exchange interaction is 
q enched by a CO effect at N~el temperature TN -
180 K, and finally into the canted antiferromag-
netic state (CAFI) TCA ~ 125 K. 
Fig". I shows the PXD profiles at 296 and 50 K. 
The sup~rlat ce reflection peaks appear below 
Tco ~ 215 K. According to the indices as shown in 
Fig. 1, the newly app ared peaks are assigned suc-
cessfully as superlattice reflections with the unit cell 
parameters at '_96 K as space group Pbnm. Hence, 
a superlattice structure, a x 2b x c relative to the 
unit cell at 296 K has been confirmed below 200 K, 
which provides a complemental evidence for the 
existence of the CO state associated with the charge 
alternation of Mn3+ and Mn4+ ions [1,8]. 
Fig. 2 shows the t mperature dependence of the 
integrated intensity of the superlattice refiection at 
(3, 0.5, 2) which is one of the prominently intensifi-
ed ones Tco ~ 215 K. These superlattice reflection 
peaks appear from Tco ~ 215 K associated with 
th  onset of th  CO state and increases rapidly [9]-
It is noted that the r flection intensity tends to be 
indep den  of temperature below TCAF ~ 215 K. 
The present result confirms that the CO state is 
firmly reta ned in the ground state which provides 
the canted antiferromagnetic insulator. The ob-
served superlattice reflection intensity does not 
change under the X-ray diffraction measurement 
without laser irradiation as far as we are concerned: 
i.e., no trace of photo-induced efilect was observed 
for the CO s ate by using the present laboratory 
X-ray source in contrast to the previous SOR-X-
ray study [7,9]. 
The photo-induced effect for these superlattice 
reflections was studied under the photon injection 
by CW-YAG Iaser irradiation (hv = 1.17 eV). Figs. 
3(a) and (b) how the PXD profiles of superlattice 
reflections from (2 1.5 O) and (2 0.5 2) together with 
Bragg reflection from (1 1 3). These refiections were 
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selected for clarity to compare the Bragg refiection 
intensities with superlattice reflection ones. They 
exhibit the stable diffraction under the X-ray ir-
radiation to measure the diffraction profiles. As 
shown in Fig. 3, in contrast to the Bragg reflections, 
a prominent suppression of the superlattice reflec-
tion intensities was found out under the YAG Iaser 
photon injection. One might suspect that this 
transition is simply driven by the laser heating. The 
evidence against it is given as follows. In_ any case, if 
the incident light provides an increase of temper-
ature one should observe the change of the lattice 
spacing. There is no remarkable difference in both 
intensity and shift of the Bragg reflection angle 
(shift less than 0.040/0 of the length of lattice spacing 
as estimated from the Bragg refiection an*'1es with 
and without laser irradiation) for (1 1 3) reflection. 
The length of the lattice spacing should be quite 
sensitive for this kind of heating. The observed 
intensity change of superlattice reflections was re-
producible for alternation of switch-on and-off 
of laser, not permanent and no remarkable trace 
of the damage to the sample was found to diffrac-
tion profiles. It is stressed that the almost identical 
Bragg profile without the optical excitation 
w s obtained t  the PXD measurement under 
laser irradiation. The remaining intensity of the 
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superlattice reflections under laser irradiation is 
possibly from the.non-irradiated fraction of the 
powder particles with a mesh 20 um and gradually 
melting CO domains [9], while the penetration 
depth of the laser light has been estimated to be 
about O.'_ um [5] for the present sample. 
The observed suppression of the superlattice re-
fiection evidently indicates that the near-infrared 
laser irradiation with proper photon energy 
- 1.2 eV induces the collapse of CO state with 
ease, which would be together with the probable 
AF-CO to F-CD transition. In fact. Yoshizawa et 
al. [1] showed the suppression of the superlattice 
intensity at (2, 1.5, O) under magnetic field as a evid-
ence of the collapse of the CO state. However, it is 
the first to our knowledge that laser light irradia-
tion suppresses the superlattice intensity at 
(?_, 1.5, O) structuraly. The present observation is 
not far from the previously observed I-M 
transition triggered by photocarrier generation by 
Miyano et al. [5]. Without structural evidence, they 
have stated the trace of the collapse d~ the CO state 
by observation of photocurrent under the coexist-
ence of the applied electric field and pulse laser 
irradiation with 1.2 eV in the photon energy range 
0.6 to 3.5 eV. First, we discuss the reason why we 
detect the collapse of CO state for photon energy 
- 1.2 eV. This energy value is characteristic In the 
optical spectra in these manganites. For example, 
there is a broad peak in the photoconductivity 
function centered around 1.2 eV in similar com-
poun La0.7Ca0.3Mn03 [19,20]. It is assigned as 
a charge-transfer excitation of an electron from the 
low r JT split eg of Mn3+ to the eg of adjacent 
Mn4+ ion, which exhibits the promotion of the 
dipole ctive photoionization of the JT small polar-
on [20]. Our present result suggests that the simple 
near-infrared laser irradiation with the character-
istic photon energy - 1.2 eV enhances some kind 
of vibronic s ate and eventually releases the 
cooperative JT distortion associated with the CO 
state. The electronic conduction arises from the 
hopping of an electron from Mn3+ to Mn4+ with 
the electron transfer energy t. The large JH means 
tha  he h pping of an outer-shell electron between 
two Mn sites is affected by the relative alignment of 
the core spins, being maximal when the core spins 
are parallel and mi imal when they are antiparallel. 
This results in the ferromagnetic (F) double ex-
ch nge int raction between the localized spins, the 
core t2g orbital (S = ~) mediated by the hopping 
eg orbital el ctron. The insulating state is AF and 
the metallic state is ferromagnetic (F). We stress 
that the laser-induced conductance change in 
La0.7Ca0.3Mn03 [20] has been observed near the 
PI to FM tr nsition temperature. Highly polarized 
state of Mn3 + a d Mn4+ spins as a ferrbmagnetic 
order Is necessary to achieve the DC conductivity 
based on the colla sed CO state. The present result 
of X-ray diffra on, which excludes the heating by 
L40 O. ra/'agisab"a et a/. / Ph_vsica B 17! (]999) ,3_~-,4! 
[aser irradiation, provides not only a structural 
evidence of collapse of the CO state by photon 
injection but also the photo-induced insulator-
metal transition occurs with ease, together with the 
increase of the spin canting toward the spin polar-
ization of Mn sites. The present results also recon-
firm the Inadequacy of a simple double exchange 
model and the importance of the influence of the 
lattice distortion as well as the AF ordering. 
Sebond, we state that the present observation of 
the collapse of the CO state with relative ease is 
strongly related to the discommensuration for the 
charge and spin ordering in CO state for 0.3 <_ 
x ~< 0.75, which is basically represented by their AF 
CE-type [8]. In the composition with x = 0.5, 
where Mn3 + and Mn4+ ions are arranged alterna-
tively within the (O O 1) plane and magnetic lattice is 
expanded to 4a x 4b x 2c in the pseudocubic set-
ting. This fact indicates that they need some addi-
tional mechanism which stabilizes the CE-type spin 
structure even at x = 0.35 despite a considerable 
spin disorder in the AF insulator. When x reduces 
from 0.5 to 0.3, the spin arrangement within the ab 
plane preserves CE-type feature but that along the 
c direction changes from antiparallel to parallel. 
Such an x-deT)endent antiferromaqnetic AF struc-
cure has been discussed in terms of the double 
exchange interaction along the c-axis direction me-
diated by the extra electrons [1], the concentration 
of which is (1/2 - x)/Mn site and measures the 
degree of the discommensuration. The deviation 
of x from 0.5 plays an important role in the melting of 
the CO state with relative ease at the 16w-temperature 
side. The CO state suppresses the ferromagnetic metal 
and favors an AF ordering [1,2], eventually leading 
to the CAF state below TCAF = 125 K Iower than 
the AF state. The AF components are parallel to 
the [O O I] axis and the ferromagnetic components 
lies in the (O O 1) plane. In the present results, the 
CAF state seems to be related with the invasion of 
the metallic phase based on the collapse of the CO 
state with near-infrared laser irradiation. 
4. Summary 
We studied the Pri_*Ca*Mn03 (x = 0.35) in 
which the CO state were suppressed with relative 
ease by the external field and/or stimulation below 
TCAF ~ 125 K. The structural behavior of the 
Pr0,65Cao.35Mn03 was studied with the PXD. The 
sup rlattice eflections observed below Tco ~ 215 K 
persist down to at least 10 K throughout the AF 
transition t TAF - 180 K and the CAF transition 
at TCAF ~ 125 K. The present result confirms that 
the CO stat  is retain d without the external stimu-
lation and survives with X-ray irradiation to 
m asure th  diffraction. A prominent reduction of 
superlattice r fiection intensities was clearly found 
out under the pho on injection by the CW-YAG 
laser irradiation (hv= 1.17eV) at below TcAF, 
which leads to the evidence of the collapse of the 
CO state. The observed photo-induced collapse of 
th CO stat  is suspected to be associating with the 
I-M tra sition due to the propagation of the de-
10caliz d carr er  owing' to the double exchange 
interaction revive  n the spin polarization with 
Mn sites. 
References 
[1] 
['~] 
[3] 
C4] 
[5] 
[6] 
C7] 
[8] 
[9 J 
[ I o] 
C1l] 
C12] 
C13] 
Cl4] 
[15] 
H. Yoshizawa. H. Kawano, Y. Tomioka, Y. Tokura. Phys. 
P-', T), 5' rlqq~~ 1.3i45. 
Y. Tomioka, A. Asamitsu, H. Kuwahara. Y. Moritomo, 
Phys. Rev. B 53 (1996) 1689. 
H. Chiba, M. Kikich, K. Kusaba, Y. Muraoka. Y. Syono, 
Solid State Commun. 99 (1996) 499. 
S. Jin, T.H. Tiefei. M. McCormack, R.A. Fastnacht, 
R. Ramesh. L.H. Chen. Science 264 (1994) 413. 
K. Miyano, T. Tanaka, Y. Tomioka, Y. Tokura, Phys. Rev. 
Let . 78 (1997) 4?_57. 
A. Asamitsu, Y. Tomioka, H. Kuwahara. Y. Tokura, 
Nature 388 (1997) 50. 
V. Kiryukhin. D. Cas~y J.P. Hill, B. Keimer, A. Vigilante, 
Y. Tomioka. Y. Tokura, N_ ature 386 (1997) 813. 
Z. Jirak. S. Krupicka, Z. Simsa. M. Dlouha, S. Vratislav, 
J. Magn. Magn. Mater. 53 (1985) 166. 
D.E. Cox, P.G. Radaelli. M. Marezio. S.-W. Cheong, Phys. 
Rev. B 57 (1998) 3305. 
C. Zener, Phys. Rev. 82 (1951) 403. 
P.W. Anderson, H. Hase'*awa, Phys. Rev. 100 (1955) 
675. 
J.B. Goodenough. Phys. Rev. 100 (1955) 564_ 
A.J. Millis, Boris I. Shraiman. R. Mueller, Phys. Rev. Lett. 
77 (1996) 175. 
D. Feinberg, P. Germain. M. Grilli, G. Seibold. Phys. Rev. 
B. 57 (1998) 5583. 
E.O. Wollan, W.C. Koeiiler, Phys. Rev. 100 (1955) 
545. 
,~ 
[ 1 6] 
[17] 
[18] 
O. ra'tagisa~va et al. / Ph.vsica B 27! (!999) 235-,4! 
H. Kuwahara, Y. Tomioka. A. Asamitsu. Y, lvloritomo. 
Y Tokura. Science 270 (1995) 961, 
F. Izumi, in: R.A. Young (Ed.), The Rietveid Method, 
Oxford University Press, Oxford (Chapter i3) 1993. 
Kenji Nakanishi. Hideo Nojima. Osami Yanagisawa, 
Mitsuru lzumi. Wei-Zhi Hu, unpub[ished. 
[19] S. Kapian, lv[. Quijada. H.D. Drew. D B. Tanner, 
Xiong, R. Ramesh, C. Kwon. T. Venkatesan, Phys 
Lett. 77 (1996) 208 l. 
[20] Y.G. Zhao, J.J. Li, R. Shreekala, H.D. Drew, 
Chen. W.L. Cao, C.H. Lee. Phys. Rev. Lett. 81 
l 3 lO. 
~4 l 
G C. 
Rev. 
C L. 
(1998) 
･H 
ELSEVIER 
MAGMA 7579 
TYPES~T F p,o~:~i 
B rr 
}, Tl~ T 
'~~L 
MS [~i/ / Dat~ -.~...~Va_v_/.~ ,~ky~/4 l<;o 4~~MAr ~~~~~~. 
T-'~~'S DISK 
r*~' - * 
lournal nt /11 ma9ne lsm 
kl aRd 
magnetlc l"I mat8rtals 
Journai of Magnetism and Magnetic Materials OOO (1999) OOO-OOO 
www else vier, com/locate/j mmJn 
Magnetic tranStuOns in thin films of Lao 
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Abstract 
Electron paramagnetic resonance (EPR) measurements were carried out to study the appearance of magnetic order in 
the ground states of both La0.6?Ca0.33 Mn03 (LCMO) and Pr0.65Ca0.35 Mn03 (PCMO) thin films. LCMO undergoes 
the transition of the paramagnetic insulating phase into the metallic ferromagnetic phase below the Curie temperature 
(T. = 260 K). The PCMO films also undergoes the transition into the ferromagnetic phase when the temperature is 
lowered through the critical value (T. = 120 K). Below T. the EPR spectrum of both films splits into lines that shift to 
the low magnetic resonance field with decrease in temperature. The temperature dependence of the resonance magnetic 
field in both EPR spectra obeys the critica] behavior of a second-order phase transition, carresponding to the appearance 
ofthe spontaneous magnetic moment. In contrast to the bulk PCMO sample, PCMO thin films prepared by the sol-gel 
method shows only one magnetic transition. C 2000 Elsevier Science B.V. All rights reserved. 
Ke,'words.' Magnetic materials; Oxides; Phase transitions; Colossal magnetoresistance; Electron spin resonance 
1. Introductron 
The perovskite manganese oxide (LaMn03), an 
antiferromagnetic insu]ator in room temperature, 
has been intensively studied during the last decade. 
In particular, the object of special interest was the 
magnetic field induced insulator-metal transition 
of the mixed compounds along the series: 
R1_*A*Mn03, where R is a rare-earth trivalent 
ion and A is an alkali divalent ion Cl]. The basic 
* Corresponding author. Tel.: + 81-3-5245-7466; fax: 
3-5245*7339. 
E-mai/ ad d ress.' os ami@zairyo. phys. to sh o-u ac. jp 
Yanagisawa) 
+ 81-
(
physics of the ground state concerns a competing 
interaction between antiferromagnetic and ferro- ~ 
magnetic spin order of Mn3+ and Mn4+ jons. This 
interaction is primarily correlated with the choice 
of a pair of R and A ions [2]. The main factors 
infiuencing the realization of the different magnetic 
states in these compou ds are: (1) the ionic radii of 
R and A ions leading in some cases to the distorted 
m nganese pe o skite structure associated with 
modification of the distance between Mn ion sites 
via inter-site oxygen, (II) the chemical composition 
and the accompanied incommensurable effects cre-
ating the differences in the population of 
Mn3+/Mn4+ jon sites [3]･ For x close to 05 It 
results in the charge-order (CO) state with the 
ground state of AF spin order. The proper choice of 
0304-8853/99/S-see front matter C 2000 
PII: S0304-8 8 5 3 (9 9)00743- X 
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La/Ca atomic radius ratio of Lao 67Cao 33Mn03 
(LCMO) results in the ferromagnetic ground state 
with a metallic conduction below the 
insulator-metal transition temperature (T*) that 
exhibits a coiossal magnetoresistance (CMR) 
around T* [4]. In a powder Pro 65Ca0.35Mn03 
(PCMO) composition, a proper choice of Pr/Ca 
ratio gives a material-showing-successive phase 
transitions from paramagnetic to CO state, sub-
sequently antiferromagnetic and finally canted 
antiferromagnetic state [3,5]. The PCMO sample 
also shows the CMR with a low applied magnetic 
threshold field below the onset temperature of the 
spin canting antiferromagnetic order. Both mater-
ials can be prepared in thin films that are cruciai in 
their future potential applications, particulariy in 
the field of magnetic recording [6]. The laser-light 
induced phenomena in the PCMO system is cur-
rently focussed. The CO state, which has been 
retained down to its ground state, can be "melted" 
not only by the magnetic field of a usual CMR but 
also by the various external stirnuli such as near-
infrared laser irradiation [7,8], electric field [9] or 
synchrotron X-ray illumination [lO]. In the present 
communication, the recent results of the studies of 
preparation of both compounds by the sol-gel 
method, the structural characterization of LCMO-
and PCMO-based thin films and the electron para-
magnetic resonance (EPR) have been reported. 
l~ :: 
C~ 
¥J ~1 
E",: 
q, ~ 
002 
SrTi03 
002 
LCMO 
002 
PCMO 
2. Experimental results and discussion 
Both LCMO and PCMO thin film samples were 
prepared by sol-gel method in the SrTi03 (1 O O) 
substrate. First, a repetition of spin coatings was 
done starting from the xylene solution followed by 
the drying and pyrolysis processes at 430'C for 
10 min. Second, the crystallization was driven by 
the rapid thermal annealing (RTA) method under 
N20 gas fiow. The optimal crystallization was ob-
tained at 1000'C for LCMO and at 900'C for 
PCMO samples. 
With the X-ray diffraction technique, we can 
confirm that these samples have a high degree of 
crystallinity and proper orientation on the c-axis. 
Fig. I shows the X-ray diffraction profiles of 
LCMO and PCMO thin film samples. For the 
45.5 46.0 46.5 47.0 47.5 48.0 
20 
Fig. l. X-ray, Cu-K. diffraction profiles around [002] of 
La0.67Ca0.33 Mn03 (LCMO) and Pro 6sCa0.35Mn03 (PCMO) 
thin films in addition to the [O O 2] linc from the SrTi03 [O 9 I] 
substrate. The lengths of the c-axis were 3.884 and 3.843 A in 
LCMO and PCMO, respectively. 
ubstrate, the 002 diffraction peak pro~le is shown 
with the 002 peak. In the case of LCMO thin films, 
the repetition of the post-crystallization annealing 
at 800'C is r markable with an increase in T*. This 
is directly connected to the insulator-metal 
transition temp rature obtained from the DC 
resi tance measurem nts. The increase in T. (the 
highest T* = 310 K) is most probably caused by 
the incr ase in oxygen content. Our sample~ 
LCMO a d PCMO films were typically 5000 A 
thick. 
Fig. 2 presents the DC resistivity as a function of 
temperature in Pr0.65Ca0.35Mn03 (PCMO) and 
Lao.67Ca0.33Mn03 (LCMO) thin film samples. 
The composition of PCMO thin films shows the~ 
semiconducting behavior with the activation en-
ergy of 48 meV without any sign of the formation of 
the CO state (see the temperature derivative resist-
an  (dRldT) curve). This is in contrast with the 
observation of the CO-phase transition in the 
bulky PCMO sample at 215 K [3,5,1l]. Due to, 
either a mismatch of the optimal lattice constant of 
PCMO with that of the applied substrate or some 
kind of lattice defects, the optimal population of 
Mn3+ and Mn4+ ions looks difficult to be achieved 
in the studie  films. In the subsequent discussion, 
we w ll focus on the survey of the onset of some 
kind of magnetic transition in the PCMO thin film. 
For LCMO comp sition, the thin film shows the 
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Fig. 2. The temperature dependence of DC resistivity of the Pro.65Ca0.35 Mn03 (PCMO) and La0.6?Ca0.33Mn03 (LCMO) thin film 
samples. PCMO fiims exhibit the semiconductive bchavior with the activation energy of 48 meV. The LCMO film shows the 
insulator-metal transition at 260 K (T.) together with a large CMR. 
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Fig. 3. EPR spectra measured at 9 GHZ for Pr0.6s Ca0.35 Mn03 
(PCMO) and Lao.61Cao.33Mn03 (LCMO) thin films under 
Hoic-axis geometry. The sharp resonance peaks around 
320 mT come frorri the reference materiai Mn2+1MgO as 
a marker. 
insulator-metal transition at 260 K (T*) together 
with a large CMR. 
The temperature dependence of EPR spectrum 
was studied with 100 kHZ modulation at 9 GHZ to 
achieve the microscopic information. 
Fig. 3 shows the EPR profiles for PCMO and 
LCMO thin films. The static magnetic field Ho was 
applied parallelly to the surface of the films 
(Hoic-axis). In PCMO sample, the EPR signal 
intensity of g - 2.0 gradually increases with de-
creasing temperature, suggesting the existence of 
the paramagnetic susceptibility. Below 125 K (T.), 
the spectrum splits into a minimum of two lines and 
the center magnetic field of the resonance profile 
shifts to a low magnetic field with decreasing tem-
perature. The observed resonance-shift signals the 
appearance of the spontaneous magnetization. The 
results obtained are in contrast with the observed 
EPR signals for the same nominal composition 
however in "powder" form of PCMO sample [1 I]. 
The thin film of LCMO shows the paramagnetic 
behavior down to 270 K and around 260 K (T.) the 
spectrum splits into two lines. One of them shifts to 
a low resonance field with the broad line. The other ~ 
resonance line remains with g - 2 band and suc-
cessively vanishes below 215 K. 
In Fig. 4, the resonance magnetic field in both 
PCMO and LCMO thin films have bcen plotted. 
These values wer  taken from the simple uncon-
volution of the obtained spectrum. The observed 
shift of the resonance magnetic field is noted as Ag 
(shift of the resonance g value). 
The temperature dependence of Ag below T* in-
dicates the critical behavior in the case of the exist-
ence of magnetic transition. According to the 
simple phenom nological Landau theory of the 
second-order phase transition [12], we have per-
formed the fit of the obtained center magnetic field 
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Pig. 4. The temperature dependence of the resonance magnetic field of the EPR spectrum (c]osed circles) in Pr0.6sCa0.35Mn03 
(PCMO) and Lao,slCa0.33MnO] (LCMO) thin films, The broken curves show the calculated values for (Ag)2 which is defined as an 
order pararneter under the Landau theory of the second-order phase transition [12]. 
Ag to the a(T* - T)1/2 where c, is the positive 
constant. As shown in Fig. 4, a good agreement 
between the obtained resonance shift and the cal-
culated (Ag)2 was achieved for both compounds 
below T*. It has been reported that LCMO under-
goes into the ferromagnetic metal state beiow 
T. = 260 K [4]. The present PCMO thin films 
similarly indicate the existence of the magnetic 
transition with ferromagnetic order at T. = 120 K. 
In conclusion, in the PCMO thin films, there is 
no onset of the CO phase around 215 K in the DC 
resistivity behavior as seen in the bulky PCMO 
[1l]. The mismatch between the optimal lattice 
constants of bulky PCMO and those of substrate 
or some kind of lattice defects and strains, the 
insufflcient population of Mn3+ and Mn4+ ions 
might prevent the realization of the identical prop-
erties as seen in the bulky PCMO samples C13]. In 
contrast to the bulk PCMO, we have found the 
existence of the onset of the magnetic transition at 
120 K in the thin films of PCMO. The temperature 
dependence of the resonance field-shift below 
120 K is consistent with the phenomenological 
order parameter induced from the second-order 
transitional scheme. The more precise studies in 
order to identify the origin of the observed reson-
ance are presently in progress. They concern both 
the paramagnetic resonance of ferromagnetic clus-
t rs and the propagation of magnetic polarons 
[14 15]. Finally, our suggestion points to the exist-
ence of probable spin-fo]d over the effect of the spin 
wave below 90 K for PCMO and 150 K for LCMO 
thin films, which is a characteristic behavior of 
ferromagnetic thin films. 
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charge-ordered 
s udy of photo-induced effect on the 
state of Pr0.65Ca0.35Mn03 in powder 
and thin films 
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Abstract 
Recent progress on the survey of photo-induced effect in Pro.65 Cao.35 Mn03 is reported with respect to the eiectron 
paramagnetic resonance (EPR) and X-ray diffraction (XRD). In the powder samples, a photo-induced effect is reported in 
the charge-ordered (CO) phase associated with the canted antiferromagnetic (AF) spin order. First, the paramagnetic 
resonance, which is diminished at the onset of the AF spin order, revives with the near-infrared laser irradiation of 
hv = 1.17 eV. Second, XRD indicates that the photo-induced paramagnetic resonance is associated with the melting of 
the CO formed by the alternation of the ionic valence of Mn. The thin films of Pro 65Ca0.3s Mn03 prepared by the 
sol-gel method exhibit magnetic transition at low temperature. However, the ground state of the discussed thin film is not 
accompanied by the CO-state. C 1999 Elsevier Science B.V. All rights reserved. 
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1. Introductron 
From the viewpoint of potential applications of 
the distorted manganese perovskites, as the first 
step, it is crucia] to optimize the colossal mag-
netoresistance (CMR) effect by using external 
stimuli such as electric field, X-ray, and laser 
* Corresponding author, 
3.5245-7339 
E-mail ad d ress: 
(O, Yanagisawa) 
Tel.: + 81-3-5245-7466; fax: + 81-
osami@zairyo.phys.tosho-u.ac.jp 
light. The distorted manganese perovskites, 
Rl_*A*Mn03, where R is trivalent rare-earth 
a om and A is divalent aikaline earth element, 
~rovide us amazing physical properties depending 
on the population of Mn3+ and Mn4+ jons. Such 
amazing physical properties are explained by 
a competing interaction between two different 
ground states, i.e., the charge-ordered (CO) insulat-
ing state associated with the antiferromagnetic (AF) 
spin order on Mn ionic sites and the ferromagnetic 
(F) charge-delocalized (CD) state. The growth of 
the CO state formed by the ionic valence alterna-
tion of Mn is regardless of the cooperative 
0304-8853/99/S-see front matter C 
pll: SO 304-8 g53(9 9)00724- 6 
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Jahn-Teller (JT) distortion, which clearly sup-
presses the ferromagnetic double-exchange interac-
tion leading to the CD state [l-7]. On heating, 
both CO and CD states transform into a charge-
10calized paramagnetic phase characterized by 
semi-conducting properties. The switching of DC 
resistivity between CO and CD states in manga-
nites can be achieved not only by applying a mag-
netic field but also by an electric field. In 
Prl _*Ca*Mn03, an electrical current implied by 
static electric field triggers the antiferromagnetic 
insuiator (AFI)-ferromagnetic metal (FM) 
transition at low temperature [8]. This AFI-FM 
transition can also be driven by the synchrotron 
X-ray illumination at a low temperature ( < 40 K) 
which is accompanied by a significant change in the 
lattice structure and which can be reversed by ther-
mal cycling [9]･ Miyano et al. CIO] have studied the 
trace of the collapse of the CO state by the observa-
tion of a photo-current under the action of both an 
applied electric field and a pulse of laser irradiation 
of photon energy hv = 1.2 eV. We have reported 
the different aspects of the photo-induced effect on 
the electron paramagnetic resonance (EPR) and the 
X-ray diffraction (XRD) in the p.owder sample of 
Pr0.65Cao.35Mn03 under near mfrared laser rr 
radiation of photon energy hu = 1.17 eV [11,12]. 
The results give an evidence for the photo-induced 
collapse of the CO in Pr0.65Ca0.35Mn03. 
As the second step, the fabrication of the thin-
film samples provides the advantages to the indus-
trial application. However, the phenomenon of 
oxygen stoichiometry in the thin-film samples va-
ries in the preparatory condition and infiuences the 
charge carrier concentration as well as electrical 
properties like most of the metal oxides. A strain 
effect due to the lattice mismatch between the film 
and the substrate plays an important role resulting 
in a distortion of perovskite structure of manganite 
and eventually the population of Mn3 + and Mn4+ 
ions. 
In the present communication, our results of the 
photo-induced effect on the powder sample will be 
compared to those of the thin-film samples pre-
pared by the so]-gel method. It is shown that there 
is a large difference between the powder and the 
thin fiims with respect to the existence of the CO-
state. 
2. Expenment 
The powder samples of Pr0.65 Ca0.35 Mn03 were 
carefully prepared by calcimining the mixture of 
 presc ibed amount of manganese, calcium car-
bonate  and praseodymium oxide in air at 1400'C 
using he usual ceramic technique [4]. The thin.-
film s m es of Pr0.65Ca0.35Mn03 with 5000 A 
thickness were prepared by the sol-gel method on 
SrTi03 (1 O O) single-crystal substrates. First, a rep-
etition of the spin-coating was done starting with 
a xylene-MOD solution and following by a dry and 
pyrolysis process at 430'C, for 10 min. Second, the 
crystallization was done by rapid thermal anneal-
ing (RTA) under N20 gas fiow. The optimal crys-
talliza ion was obtained at 900'C. The XRD was 
carried out at room temperature to study the crys-
tallographic characters. 
The mperature dependence of DC on the resis-
tance was measured by a conventional four-probe 
meth d from 290 to 5 K under an applied magnetic 
field up to 6 T using a super-conducting magnet 
(Oxford Maglab 2000). 
The EPR study for the spin states of 3d-t2g 
(S = 2) and/or 3dleg (S = ~) on Mn3+ and Mn4+ 
ionic sit s was done using a spectrometer operated 
at 9.0 GHZ (X-band) from 300 K down to 10 K. 
The sample was mounted in a liquid-He continu-
ous-fiow type cryostat. For the thin-film sample, 
the static magnet c field Ho was applied perpen-
dicular to the c-axis of the film. To investigate the 
pho o-induced ffect, a He-Ne CW Iaser of photon 
energy, hv = 1.96 eV and a Nd-YAG CW Iaser of_ 
hv = 1.17 eV were employed for the photon injec-
tion. The laser power was adjusted with an optical 
slit resulting in 5, 50 and 175 mW (9 x 1017 photo-
nsls.) for the Nd-YAG Iaser, and 5 mW for the 
He-Ne laser. It is noted that the described value of 
the laser power does not indicate the exact value 
injected into the samples due to the double-shielded 
He-fiow-guide made from quartz glass. The penetra-
tion depth of the laser light has been estimated to be 
about 0.2 um for the present sample [6]. The EPR 
measure ent was don  under the sequence in which 
the ESR profiles were measured without the photon 
i jection, with the photon injection and once more 
without the photon injection (dark) successively to 
check if there is any damage to the sample. 
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The XRD with the photon injection 
(hv= 1,17eV) for Pr0.65Ca0.35Mn03 powder 
sample in the temperature range 300-5 K were 
taken to investigate the mechanism of the photo-
induced effect. The maximum laser power was 
monitored to be 175 mW, It is noted that the 
described value of the monitored laser power does 
not indicate the precise value injected into the sam-
ples due to the existence of the window shielded 
with the Kapton foii for the He cryostat. The XRD 
was carried out with the same procedure as the 
ESR measurement under the photon injection. 
3. Results and discussion 
Fig. 1(a) shows the XRD profile of 
Pr0.6sCao.35Mn03 powder sample at 290 K 
(closed circles) together with the result of the profile 
fit by Rietveld analysis (solid line). The present 
XRD analysis indicates that the present sample is 
in single phase 6f Pr0.6sCao.35 Mn03 with the dis-
torted perovskite structure belonging to the orthor-
hombic space group Pbnm. The grain size is about 
20 um. Fig. 1(b) shows the XRD profile of 
Pr0.65 Ca0.35 Mn03 film at 290 K. The peak profile 
of the OO2 peak is shown with the 002-diffraction 
peak of the SrTi03 substrate. XRD indicates the 
formation of high degree of crystalline order and 
orientation of the c-axis due to the annealing pro-
3 
cedure under N20 gas fi.ow. The typical sample 
thickness is aroun  5000 A. 
The electric transport property of the powder 
and the thin-film samples are significantly different. 
Fig. 2(a) shows the temperature dependence of 
the differential resistance (dRldT) of 
Pro 65Cao 35MnO p wder. It is semiconductor-
like without ext rn l magnetic field in the whole 
temp rature range. The dR/dT shows a prominent 
peak which is evident due to the second-order 
phase transition associated with formation of the 
CO state wh re the charge is localized on Mn ionic 
site at Tco ~ 215 K together wrth the Mn3+ and 
Mn4+ alternation leading to the super]attice X-ray 
refiection C12]. The powder sample shows a CMR 
effect (RM - Ro)/Ro ~ 4000/o with a threshold 
magnetic field of about 2 T at the CO state beiow 
Tco 215 K. Fig. 2(b) shows the temperature de-
pend nce of the dR/dT of a Pr0.65Cao.35Mn03 
thin-film sample. The dR/dT does not show any 
clear sign of the onset of the second-order 
transition that gives an evidence for the existence of 
the CO-state. The present thin fi]m samples do not 
show a y sign ficant CMR effect at high magnetic 
fields up to 6 T in the whole temperature range. It 
showed rath r a p s tive magnetoresistance. 
In Fig. 3(a), the dotted curves show the EPR 
profiles for the Pro.6s Cao.35 Mn03 powder sample 
without phot n injection (dark). The EPR spec-
trum exhibits a paramagnetic feature at room tem-
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Fig. 1. (a) X-ray diffraction pattern of Pro.65Cao.ssMn03 pow-
der sample at 290 K together with the result of the profile fit by 
Rietveld anaiysis C14] with solid lines. (b) The X-ray diffraction 
pattern of a Pr0.6sCa0.3sMn03 thin film sample at 290 K. 
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Fig. 2. (a) Sh w  temperature dependence of the differential 
resistance (dRldT) of a Pro.6sCa0.35 Mn03 powder sample. (b) 
Shows t mperatu e dependence of the dR/dT of 
a Pro 6 Cao.3sMn03 thin film sample. 
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for a PrG.GsCaa.35 Mn03 powder sample without optical excita-
tion (dark) and with Nd-YAG Iaser irradiation (hv = 1.17 eV). 
(b) Temperature dependence of the EPR profiles for 
a Pr0.6sCa0.35Mn03 thin-filmed sam,ple without the photon 
[njection (dark). 
perature. This paramagnetic feature is retained 
down to the CO phase below Tco ~ 215 K. Below 
the onset of the AF phase at TAF - 1 80 K, the EPR 
signa] becomes weak with decreasing temperature. 
Eventua]ly, the characteristic feature of the en-
semble of spin clusters appears around the onset 
of the canted antiferromagnetic state of 
TCAP ~ 1 15 K. This is in good agreement with the 
phase diagram of Pri _*Ca*Mn03 determined by 
resistivity, magnetization and neutron diffraction 
[3,5,13]. It is stressed that below TcAP, the EPR 
profiles become broadened with some kind of dis-
sociation of the total magnetic moments, which is 
in accordance with the behavior of DC magnetiz-
ation in the warming run after zero-field cooling 
[i4]. The resonance is more characteristic of fer-
romagnetic resonance from a collection ofindepen-
dent and randomly oriented anisotropic crystalline 
samples. Anti-ferromagnetic resonance is not prob-
abie since the individuai exchange fieid of the separ-
ate magnetic sublattices would be too large to 
provide a resonance at 9.0 G Hz. 
In Fig. 3(a), the thick solid curves show the EPR 
profiles under the photon injection by a Nd-YAG 
laser (hv = i.17 eV). It is clear that the EPR inten-
sity starts to depend on the photpn injection below 
Tco ~ 215 K with decreasing temperature and 
strikingly recovers its paramagnetic resonance 
intensity even below TCAF (115 K). The present 
photo-induced effect becomes predominant below 
lOOK C6,14]. It Is worth noting that evidence 
against the laser heating is provided by the temper-
ature dependence of EPR profiles [1l]. This 
photo-induced transformation of the EPR profile 
was reproducible, not permanent and also not due 
to any damage to the sample by laser irradiation. In 
fact, the EPR profi'le after the post-measurement 
with the photon injection appears almost identical 
with that obtained prior to the measurement under 
the photon injection. rn the temperature range of 
10(~80 K, the obtained photo-induced effect indi-
cates that the paramagnetic X,ff revives owing to 
the photon injection (hv = 1.17 eV). These results 
indicate that the CO state with canted antifer-
romagnetic spin order can be transformed into 
paramagnetic and/or ferromagnetic order. In the 
following, the XRD profi]e measured under the 
near-infrared laser irradiation clearly suppresses 
the super-]attice refiection, which provides us with 
evidence for the melting of the CO. It is clear that 
the energy value of 1.17 eV of laser light is assigned 
as a charge-transfer excitation of an electron from 
he lower Jahn-Tell r (JT) split eg of Mn3+ to the 
g of adjacent M 4+ ion. The present eg-level 
interpretation indicates that the photo-induced 
I-M t ansi ion or quivalently the collapse 
of the CO state, occurs under the excitation 
by lase  light wi h optimal energy. In fact, in 
contrast to the photon injection (hv= 1.17eV), 
the EPR resonance intensity is not affected under 
He-Ne laser irradiation (hv = 1.96 e V). 
The photon ener y, hv = 1.17 e V, is characteristic _ 
in th  pt cal spectra in R1 _*A*Mn03. It has been 
assigned a  a charg -transfer excitation energy of 
an e r from th  lower JT split eg of Mn3+ to 
the eg of adjacent Mn4+ ion, which exhibits the 
promotion of the dipole active photoionization of 
the JT small polaron [5]. Our present result sug-
gests that the simp]e near-infrared laser irradiation 
with the characteristic photon energy, hv - 1.2 eV 
enhances ome kind of vibronic state and eventua]-
ly releases the cooperative JT distortion associated 
with CO s ate. 
The XRD profile for the Pr0.65Ca0.35Mn03 
powder sample shows that the super-1attice refiec-
tion p aks appear below Tco ~ 215K. These 
peaks are associated with the formation of the CO 
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state with a x 2b x c ceil. The present CO structure 
is maintained down to at ieast lOK [12]. The 
photon injection (hv= 1.17 eV) conducts to the 
prominent decrease of the intensity of the superla-
ttice refiections. The present result eventually pro-
vides a structural evidence for the collapse of the 
CO state by photon injection. We suspect that the 
photo-induced insulator-metal transition occurs 
together with the collapse of the CO-state. 
In Fig. 3(b), the thin solid curves show the EPR 
profiles for the Pr0.65Ca0.35Mn03 thin film with-
out laser irradiation (dark) at temperature range 
130-95K. The EPR signal was very weak and 
paramagnetic above 130 K. In the thin film sam-
ples, the EPR intensity with g - 2.0 gradually in-
creases with decreasing temperature, suggesting the 
existence paramagnetic susceptibility. Below 
120 K, the spectrum splits into at least two lines 
and the central magnetic field of the resonance 
profile shifts to a low magnetic field with decreasing 
temperature. The observed resonance-shift indi-
cates the appeaiance of the spontaneous magnetiz-
ation. The temperature dependence of the 
resonance field-shift below 120 K is in good agree-
ment with the phenomenological order parameter, 
which is induced from 'the second-order transition 
scheme [15]. The precise study to identify the ori-
gin of the observed resonance is under progress 
with respect to both paramagnetic resonance of 
ferromagnetic clusters and the propagation of mag-
netic polarons C16,17]. The EPR profiles in the 
present thin film exhibit a significant modification 
under the laser irradiation (hv = 1.17 eV) in tem-
perature range 1 10-95 K. We think that the present 
result has to be a kind of photo-induced effect. 
However, the mechanism of this effect does not 
come from the photo-induced melting of the CO as 
in the powder sample. This is because there is no 
evidence for the existence of the CO state in this 
present thin film. 
The electrical and magnetic properties of thin 
film and powder samples of Pro.65 Ca0.35 Mn03 are 
quite different as mentioned above. The difference 
may be due to the oxygen stoichiQmetry, the degree 
of order of the population of Mn ions, the charge 
carrier concentration and eventually electron hop-
ping like in most metal oxide materials. A strain 
effect due to the lattice. mismatch between the film 
5 
and the. substrate is plausible and it may control the 
distortion of perovskite structure. 
With laser irradia ion, we find the shift of the 
resonance lin to high magnetic field. We think that 
th  pres nt photo-induced effect is not due to the 
same me hanism as in the powder sample since the 
thin-film form does not possess the CO. It is worth 
noting that some ferromagnetic materials, for 
exampie mixed crystal CdCr2 _*InxSe4 [18], show 
a photo-induced effect. Probably, the present 
transi io in the in films is a ferromagnetic 
tr nsition with some kind of photo-induced effect, 
which is in contrast to the photo-induced effect in 
bulk compounds. 
4. Summary 
Thin film samples of Pr0.65Ca0.35Mn03 
prepared by the sol-gel method were studied 
compared to the powder sample focusing on the 
optimization of the photo-induced effect, which 
was observed in the powder sample especially by 
using EPR. The present thin-film sample shows 
zi week photo-induced effect in the EPR profile 
uhder the photon injection by near-infrared laser 
(hv = 1.17 eV) in the temperature range 1 10-95 K. 
The temperature dependence of the dR/dT indi-
cates a magnetic transition at Tc ~ 120 K but does 
not indicate the CO state in the present 
Pr0.6~C_a0.35Mn03 thin-filmed sample. We sus-
pecf'that the observed effect is a kind of photo-
induced effect but the mechanism of this effect is 
different from the photo-induced effect seen in the~ 
powder sampie. 
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